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THE SOURCE OF SOLAR ENERGY’ 


INTRODUCTION 


Ir has been wisely said by Dr. W. W. Campbell 
that a scientist does not create the truth. He does 
nothing whatever to the truth; he simply uncovers it. 
Through the analysis of physical science, the universe 
is resolved into atoms—protons and electrons, and the 
cosmie laws are reduced to action and reaction of 
these integral parts. A general simplification has re- 
sulted; in the terms of atoms many complicated phe- 
nomena have been solved, and it is hoped that the new 
physies will shed some light on the problem in hand— 
the source of solar energy. . 

It is known that throughout entire geological time 
the sun has been radiating energy at a rate which 
has varied but little. With the generally accepted 
estimate of the age of the earth? each gram of the 
sun has accounted for about 2x10° calories, and the 
well-known problem arises: whence came this heat. 
The great quantity of the solar radiation and the 
inadequacy of the simpler theories to account for it 
have been so frequently discussed that a short review 
of them will suffice here. 

It does not come within the scope of this paper to 
reexamine the data for determining the age of the 
earth. Estimates have ranged from 10*® years to 
Russell’s absolute maximum of 6x10%. Since even 
the minimum value given above is far in excess of 
that demanded by the following theories it is not 
necessary for our present purpose to defend any 
specific value. For the sake of definiteness we adopt 
the value 10° as of the proper order of magnitude, 
especially since this figure has apparently met with 
wider acceptance than any other. 


(1) OrternaL Heat 


The sun radiates about two ergs per second, or 
1.5 calories per year, for each gram of its mass. The 
researches of Emden, Eddington, Jeans and others 
have shown that, in order to maintain the observed 
mean density of 1.4 against the enormous pressures 
existing in the far interior, a critical temperature of 
some 10,000,000° to 30,000,000° K is required. The 
opacity of the interior, by setting up a negative tem- 
perature gradient, reduces the temperature of the 


oa 


photospheric surface approximately to 6,000° K. 


1 Awarded the A. Cressy Morrison Prize in 1926 by 
the New York Academy of Sciences. 
2109 years. 
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The mechanism of the opacity is generally recognized 
to be the interaction of radiation and electrons with 
positive nuclei and highly ionized atoms in the center 
of the sun. 

In spite of the great central temperature, it is im- 
mediately obvious that mere cooling is insufficient to 
account for the supply of the sun’s heat. At the 
observed rate of radiation, and even assuming a maxi- 
mum value for the specific heat, the lapse of a com- 
paratively short period of time, say a million years, 
would certainly reduce the temperature so that the 
surface would be markedly cooler. The customary 
argument used in this connection is not valid. It 
has been said that since the average temperature of 
the sun falls at least one degree a year the surface 
would be sensibly cooler in even a few thousand years. 
The reduction of the central temperature by so small 
a fraction would scarcely disturb the temperature 
gradient. As far as historical time is concerned, the 
sun may well have been a hot body cooling according 
to the well-established laws of heat conduction. But 
when we take geological time into consideration the 
ease is different. We must find some source of heat 
to augment the original supply. We shall consider 
in turn the various possible ways in which the energy 
may have originated. 


(2) CHEMICAL 


Under this heading are grouped the processes which 
deal with the liberation of heat by the chemical com- 
bination of two or more atoms. Combustion is a 
specific example, governed by the equation: 


C+20=CO, +2140 cal. per gm. 
of reacting substance, 


(1) 


which is equivalent to saying that the energy in one 
gram of uncombined carbon and oxygen, mixed in 
the proportion of one atom of the former to two of 
the latter, exceeds that in one gram of carbon dioxide 
by 2,140 calories. In no case has the heat of any 
chemical reaction been found to exceed ten times the 
value in the above equation. In the past billion years 
each gram of the sun will have radiated 10° times as 
much heat as could possibly be generated chemically. 
It is immediately obvious that chemical activity con- 
tributes practically nothing to the total energy of 
the sun. 


(3) GRavITATION 


(a) Meteoric. The discovery, by Rumford (1798) 
and Davy (1799), that heat has its mechanical equiva- 
lent in work, led to other theories regarding the source 
of solar energy. The first of these was Mayer’s 
hypothesis that the radiation might be continually 
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replenished by an incessant rain of meteoric mati, 


upon the solar surface. It is easily shown that » | 
piece of matter, falling from a great distance, would oa as 
reach the sun with a velocity of some 6 x 10" cm, /se, L, pro 
Substituting in the well-known formula for the kineti, be eat. 
oe ig 1S, i 
E=1 / 2m v2, (2) 

and, taking m equal to one gram, we get Since 
E=1.8x1015 ergs=3.8 x 107 calories, (3) ay 

] 
or about 20,000 times the heat produced by the com. Me! 2 
plete combustion of a gram of carbon and oxygen, as raniun 
shown above. The total annual radiation of aboy Mamet’ ° 
3x 105% calories would, then, be equivalent to gn qymetter th 
influx of 8x10*5 grams of meteors per year or 37 pinate 
grams per square centimeter of surface per day, of th 
Objections to this theory are many and serious. In gg"! 
the first place the density of meteoric matter in space, pected 
calculated from the frequency with which meteor gageu les) 
are observed to strike the earth, is far too low t pf energ 
furnish even a fraction of the material required by Me® P? 
the hypothesis. Furthermore, the increase of solar gmmeu*'ers 
mass by such a process of accretion would produce herefor 
corresponding accelerations in the movements of the oe 
py rad. 


planets, which could hardly have escaped detection 












and, finally, it is obvious that the heat produced by Exam 
impact of solid matter on the solar surface would fmm * ¢ 
have a negligible influence on the steep internal ten- whose ' 
perature gradient. If, by any chance, the sun should ye" 
happen to encounter during a given year the quantity period” 
of meteoric matter mentioned above, the life of the adium, 
sun would not be lengthened in the least. Instead padiatio 
we would receive, during that year, twice the quantity bngly— 
of heat generally radiated by the sun. 

(b) Contraction. Of all the theories of the origin 
of the solar heat, the one which has played the most (a) 
prominent role is that put forth by Helmholtz in re thu 
1854. It, too, appeals to gravitation as a source of 9g! cons 
energy, but instead of the impact of exterior particles, Mieested | 
it assumes a general contraction for the sun ass jee! matt 
whole to renew the kinetie energy of the solar atoms. Htteories 
It is easily computed that a contraction of but one tion of 
twentieth in the diameter of the sun per million years Mave b 
would generate enough heat to replenish that lost by gj 'emely 
radiation. Calculating backwards, we find that if the Jr cal 
sun were originally an extended nebula, the averag¢ 
energy produced by contraction to its present stale 
would be 27,000,000 calories per gram. Or, postu- where 
lating the present rate of radiation as extending ut! BBlicht, , 
formly into the past, the minimum age we can derive His equ 
for the sun, corresponding to an infinite initial radius, JBe-3y 
would be 18,000,000 years. This would be further tr BR eran 
duced by considerations of the greater central densitY BB calorie 
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matter MB 4 the necessary discarding of the hypothesis of uni- 
that «JM. radiation. The theory of Helmholtz thus fails 
Would MMB. the same way as the other theories, in that it does 
M./see, HME ot provide a sufficiently long geological history for 
Kinetic (Bo earth. Attractive and ingenious as the hypoth- 


is is, it must, therefore, be discarded. 




















(4) RADIOACTIVE 


Since certain elements which disintegrate with the 
‘yeration of enormous quantities of energy have been 
wind, it is necessary to consider what contribution 
if any—they make to the total solar radiation. 
ranium, for example, undergoes the well-known 
wries of radioactive transformations which finally, 
fter the emission of numerous a, 6, and y rays, ter- 
minate in inert radio-lead. 

Of the three classes of rays, the alpha variety 
(vhich is reeognized to consist of helium nuclei 
jected with high velocity from the radioactive 
nucleus), contributes by far the larger percentage 
of energy. A gram of uranium, in equilibrium with 
ts products, would produce approximately three 
puarters of a calorie per year, considerably less, 
herefore, even for a sun made entirely of that ele- 
nent, than would be required to replace the heat lost 


> COM- 
en, as 
about 
to an 
r 37 


pace, 
steors 
WwW to 
d by 
solar 
duce 
the 


ction DY radiation. 

1 by Examining in turn all radioactive elements, we find 
ould Mggtat each must be discarded as inadequate. Radium, 
tem. MElose emissive power is about 10° times that of 








uranium, would be satisfactory only if its “half-life 
period” were not so short. Since the quantity of 


ould 
tity 


the Magredium, however, is halved every 1,730 years, the 
‘eal M@eediation therefrom would have to vary correspond- 
tity [ewgly—contrary to observation. 

gin (5) INTRA-ATOMIC 


ost (a) The Equivalence of Matter and Energy. We 
in @are thus driven by a sort of reductio ad absurdum 
of @# consider a principle which has often been sug- 
les, @eested on philosophical grounds, viz., the equivalence 
a ot matter and energy. The success of the relativity 
ns. @™@tleories, both special and general, render the adop- 
ne fition of this hypothesis less distasteful than it would 
rs lave been say twenty years ago, and, what is ex- 
by @#temely important, they provide a quantitative basis 
he for calculation, according to the well known formulae 


ge 


5 


te E=m ¢? (4) 
" BBvhere m is the mass in grams, ¢, the velocity of 
q light, and E, the energy to which the given mass 

§ equivalent. Numerically, substituting m=1 and 
 BBc=3x 10 centimeters per second, we find that one 
: tam of matter equals 9x10?°, or about 2x10%9 


calories. 
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-(b) Chemical and Physical Considerations. The 
principle of equivalence has been rendered more 
probable by its successful application to atomic 
phenomena, e.g., the fine structure of the spectral 
lines of hydrogen. Furthermore, the revival of the 
Prout hypothesis in a somewhat altered form seems: 
to demand it. If 4.032 grams of hydrogen may con- 
ceivably be put together in such a way as to make 
4.000 grams of helium, we have to postulate the loss. 
of 0.032 grams of mass, or, from the foregoing for- 
mula, 6.4x10" calories. Writing this in the ecus- 
tomary form, we have 


4 H=He+1.6x 1011 eal. (5) 


calculated, as in equation (1), per gram of reacting: 
material. The above equation signifies that if hy- 
drogen can be transformed into helium, energy of 
the order of 10’ times that produced in an ordinary 
chemical reaction would be liberated. Herein we 
find an explanation for the extreme stability of the 
helium nucleus or @-particle. The most rapidly mov-: 
ing of these have initial velocities of approximately 
2x 10° centimeters per second. Their kinetic energy, 
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Fic. 1.—The stars, which are those shown by Russell in his diagram in. 
Nature (August 8, 1925), are as follows: 1, Antares; 2, 6 Cephei; 
3, Arcturus; 4, 5, Capella; 6, Plaskett’s star; 7, V Puppis; 8, Y Cygni; 
9, B Aurige; 10, Sirius; 11, Procyon; 12, 13, a Centauri; 14, Sun; 
15, 16, € Bootis; 17. 18, Kruger 60. 
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on a gram basis, from formula (2), equals 5x10"° 
calories, or, as will be seen by comparing with equa- 
tion (5), less than one third the amount necessary 
to disrupt the nucleus in a collision. 

(c) Stellar Evolution. Before going further into 
detail we shall first develop some preliminary con- 
siderations. Any theory which applies to the sun 
must also be applicable to the stars in general and, 
conversely, it is not improbable that we may find the 
solution of our problem in a study of stellar statistics. 
The stages of growth of the present stellar evolution- 
ary theories are so well known that we shall refer to 
them only briefly. Paramount, was Russell’s dis- 
covery that the surface temperature and total in- 
trinsic brightness were not entirely independent of 
one another. Their statistical relationship is shown 
in the famous giant-dwarf diagram. (See Figs. 1 
and 3.) 

Eddington’s discovery® that the luminosity of a 
star is apparently governed by its mass changed 
many of our preconceived ideas regarding stellar 
evolution. His findings are summarized in Fig. 2. 
It is significant that the stars which we have always 
regarded as the oldest are the least massive. Here, 
at last, is important confirmation of our annihilation 
theory. In fact, the observed evidence seems to de- 
mand that the star decrease in mass during its life 
history. 














l | i ; | | | ! 
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(d) Stellar Evolution and the Annihilation of 
Matter. The atomie condensation of hydrogen into 
helium, as hitherto explained, does not permit of suffi- 
cient variation in mass and must be discarded. It has 
been suggested by Russell* that the heat-forming 
process may consist of the collision and coalescence of 
a proton and an electron, the neutralization of the 
charge permitting the disappearance of mass and its 
reappearance as energy. This theory, too, has its 


3M.N. 84 308, 1924. 
4 Pub. A. S. P. 31 1, 1919. 
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difficulties, for it would make the transformation de 
pendent upon and favored by high temperature and 
high pressure. Thus, in the center of the dwarf stan, 
where we meet with these conditions, the rat of 
energy production should be greater than in the giant 
stars, the reverse of the actual case. Eddington hys 
given an excellent summary of the problem.5 
Jeans’s criticism, which applies to any theory 
making the evolution of energy dependent upon ten, 
perature and pressure, is, I think, well founded. 1), 
proponents of those theories rely on the adiabatig 
qualities of the star to maintain equilibrium—,, 
when too much heat is generated they assume » 


expansion and resultant cooling to “turn off” th pointe 
supply. It is difficult to see how the star could g. and th 
pand rapidly enough to neutralize the increased rail He hi 
of production due to the already too rapid emissio, MMM toracti 
of energy. Jeans has compared the material to gu. radioa 
powder and predicts an explosion. Owing to iM orbita 
inertia, the star could hardly compete with the spel Mm would 
of atomic processes. the ti 

Eddington attributes the lesser radiation in dwaris Ml cubsec 
to their greater age, i.e., the transformable material MM yould 
is approaching exhaustion, leaving only the inert MM 3s lib 
elements. He thus apparently agrees with Jeans, Mi sure, 
who has remarked that ordinary terrestrial atoms MM coing 
with the exception of the radioactive series, do no! The 
show any disposition to be transformed. Further M3 tron 
more, both Eddington and Russell are extremely in- Mi energ 
definite as to their nature of the energy-giving mat- MM of a 
ter. If it is not composed of atoms or their deriva- Hi longe 
tives, what is left? If we need the inert terrestrial Mi Comy 
type of atoms to dilute the decomposable material, HM terin: 
only the radioactive atoms remain to be considered, Mis mu 
and radioactivity is a transformation which takes Hi chan; 
place, as far as we know, almost independently of HM the e 
temperature and pressure. We are led, by a naturd 9 prox 
process of reasoning, to consider the work of Jeans. i is ay 

(e) “Super-Radioactivity.” Jeans has postulated obser 
that the energy originates in a sort of super-radio- @ whic 
activity. Eddington’s mass-luminosity relation may Je 
then be interpreted in a slightly different manner @% aton 
It has been stated earlier in this paper that the sut i woul 
radiates 1.5 calories per year per gram of its mass. @ the ‘ 
Among the stars we find that this figure varies cor- the | 
siderably from stars like the giant, Canopus, which 's opac 
generating energy at about five hundred times the T 
solar rate, to dwarfs, like Krueger 60, where tle #% we | 


quantity is a hundred times less than the sun or t0 mag 
Sirius B, the white dwarf, which is still smaller by * ploy 
factor of approximately three. 

As far as the radioactive elements go, Jeans points 
out that we have on our earth a very poor sample 


5 Nat. 117, May 1, 1926, supplement. 
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lation de f the universe. The material which comprises our 
ature and janet came from the outermost layers of the sun, 
‘art ston MME pore the generation of energy is already small. If 
> Tate ff pore are, as Jeans postulates,® elements of higher 
the giant homie weight than uranium, by far the greater 


ton hf mount would, in the absence of convective stirring, 
: 


ink into the central portion of the sun. It has often 


y theory MilMoon said that there is, apparently, no real reason 
Pon ten. why such elements should not exist. It is possible, 
ed. ThMllmiowever, that nature has provided a limit. As we 
adiabati pass to the more complex elements we find the 
UM— i, ME ycleus continually increasing and the innermost 
sume an MM lectronic orbits decreasing in size. Rosseland’ has 
off” the pointed out that, for uranium, the radii of the orbit 


ould ex. and the nucleus are of the same order of magnitude. 


sed rate He hints that radioactivity may result from the in- 
>mission MME teraction of the two mutual forces. On this theory, 
to gun MM radioactivity for elements beyond uranium, where the 
to iM orbital electrons may actually penetrate the nucleus, 
€ speel MN would be much greater and it is not impossible that 
the transformation of matter into energy with the 
dwaris MM subsequent breaking down into less complex elements 
lateral MM would result. By thus assuming that the radiation 
> inert MM js liberated independently of temperature and pres- 
Jeans, MM sure, we avoid the difficulties mentioned in the fore- 
atoms, MM going sections. 
do not The mutual annihilation of a proton and an elec- 
irther- tron should result in the birth of a quantum of 
ly in MR energy, of wave-length 1.3x10-* em. In the center 
; mat- MR of a star, this radiation would be transformed into 
eriva- MM longer wave-lengths by the various forces acting— 
estrial MM Compton effect, atomic absorption and emission, scat- 
terial, MMM tering, ete. In Nebulae, however, where the opacity 
Jered, MB is much less, the quanta would escape practically un- 
takes MMW changed. The fact that Millikan has recently proved 
ly of MMM the existence of highly penetrating radiation of ap- 
tural HM proximately this wave-length—the intensity of which 


eas. MM is apparently uniform night and day—is important 
lated HM observational proof that some process similar to that 
adio- HM which we have described is occurring out in space. 
may Jeans has shown that the increase in average 
ner. atomic weight as we near the center of a star, which 
sul @ would be the necessary outcome of the presence of 
1438. the “super-radioactive” elements, tends to clear away 
con- Mi the existing discrepancy in the coefficient of stellar 
his MM opacity. 

the Turning again to Fig. 1, which is given by Jeans,® 
the Hi we find plotted, in the customary manner, absolute 
l0 M magnitude against spectral type (log T). He em- 
y* @ ploys his equation for stellar equilibrium, assuming 


® Papers in M.N., 1925 and 1926. 
" Nature 111, 357, 1923. 

8 M.N. 86, 561, 1926. 

® Nat, 111, 19, 1926. 


nts 
ple 





SCIENCE 


435 


a mass and surface temperature for the star in order 
to compute the absolute magnitude. Curves are 
drawn, the heavy lines slanting upward toward the 
left, to represent the stable configurations. When 
two of the quantities are given, the third may be 
fixed from the diagram. The curved line on the right 
marks the boundary between stable and unstable con- 
figurations—between positive and negative values of 
the stellar opacity. 

A star whose representative point might fall within 
this negative region would be radiating energy faster 
than it could produce it. Equilibrium would now be 
impossible and the star would draw upon its internal 
gravitational supply, contracting rapidly. Edding- 
ton has shown that, since the gas molecules in the 
center of the star are free electrons, atomic nuclei 
and atoms ionized to the innermost orbits, very great 
densities are permissible. The star would contract 
until the ionized atoms were packed so tightly to- 
gether that Boyle’s law no longer holds; finally join- 
ing that class of stars known as “white dwarfs.” 

In Fig. 1, the slant lines represent the state of 
ionization in the stellar interior, calculated for an 
atomic weight of 20. On the simple theory, the 
course P Q R would be a typical evolutionary path 
which might be taken by the star. It may be sig- 
nificant, however, that no stars are observed which 
fall into the region Q, which represents atoms com- 
pletely stripped of electrons. This suggests that the 
atomic processes stop when the nuclei approach 
nudity, as would be the ease if radioactivity depends | 
upon the penetrating of planetary electrons. The 
observed path, then, will be warped to the shape 
P Q’ R. 

(f) Double Stars. It has long been recognized 
that double stars are formed by fission. We have 
had some difficulty in accounting for the observed 
fact that the newly formed spectroscopic binaries are 
of early spectral type, as established by Campbell, 
long ago. It is a signal triumph for Jeans’s theory 
of stellar energy that it explains very clearly exactly 
why this condition exists. 

The curves in Fig. 1 are drawn with sufficient 
accuracy to demonstrate the order of magnitude of 
the effect. To make the example concrete, let us 
suppose that a KO star of mass four times that of 
the sun breaks up into two exactly similar masses. 
The brightness of each component will now be one 
half that of the original star, or 0.75 magnitudes less. 
Since the absolute magnitude of the parent star was 
0.2, we now consult the diagram to determine the 
equilibrium configuration for a star of the required 
mass (2 ©) and absolute magnitude +1. The figure 
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clearly shows that the stars resulting from the fission 
would be of spectral type earlier than BO. 

The complete theory?® takes account of the case of 
unequal fission. Jeans has shown that, in this event, 
the more massive constituent is to be the brighter and 
of earlier spectral type, in complete agreement with 
the observations of Shapley.1! Reversing the proc- 
ess, we may calculate, from the present condition of 
the binaries, the state just before the fission occurred. 
We find that they occupied a position somewhere in 
the region of the long-period and Cepheid Variables, 
suggesting that these stars may be binaries in the 
making. 

The realm of visual binaries furnishes additional 
data which seem to be consistent with the theory of 
Jeans. The only white dwarf stars known are com- 
ponents of binaries. While this may be attributed 
to the fact that their dwarf character is emphasized 
by association with a second star, the theory of 
energy now under consideration suggests the proba- 
bility that they are the direct product of extremely 
unequal division of the heat-producing material. 
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Fic. 3.—Spectral Classes and Absolute Magnitudes of the 
Components of 85 Visual Binaries. 
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10 U.N. 85, 800, 1925. 
11‘*A Study of the Orbits of Eclipsing Binaries,’’ 
Princeton Contributions, No. 3, 1915. 
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Hence the splendor of Sirius A and the faintness of 
Sirius B. 
Leonard’* has investigated the statistics of the 


visual binaries. From eighty-five double sta), of ae wish 
known spectra and parallax, he has plotted the data MN cimils 
in the customary manner; the components are ey, oxten 
nected by a straight line. His diagram is reproduce] ME gyms 
in Fig. 3. It will be noticed, especially in the giay gram 
sequence, that the fainter component is, in general ME nate 
considerably less bright than the average star of such 
spectral type. Among the dwarfs the discrepaney alty 


is not as marked. 

I have examined the visual binaries givea in th 
Harvard list** for a similar relationship. Seareu 
has given a curve for the maximum frequency of thy 
stars (not in binaries) for the various spectral typa, 
If the components of a given binary are averay 
stars, the difference in magnitude can be predictej 
from Seares’s curve’ if their spectral types ar 
known. This difference can be compared with the 
observed value. Calling the first 4m and the se. 


ond Am’, then 4 m’-Am will be a measure of the 
deviation from normality. 





Fic. 4.—Ordinates—Number of Binaries Abscissae— 





A m’—Anm. 

The result of the investigation is presented in I'g. star 
4, which shows the frequency distribution of 4 m’- the 
Am for each two tenths of a magnitude. I have fore 
excluded from the diagram all optical doubles and one 
binaries where one component was obviously a giant sho 
of type earlier than GO and later than A5. Ths 
latter step was necessary in view of the great dis vari 


persion of absolute magnitude among the giant F : 
stars. Fig. 4 exhibits a distinct asymmetry, plus 
values being far in excess of the negative. The result 


may reasonably be taken to mean that the brighter ec 
component of a binary has a higher and the fainter pia 
component a lower absolute magnitude than the aver ve 
age stars of their spectral classes. While it is fa 
from proved that all binaries have originated by a 


12 L.0.B. No. 348, 1923. 
13 H.A, 56, No. 7. 

14 M.W. Contributions No. 226, 1921. " 
15 Op. cit. Fig. 1. 











V, No. 169 


Lintnesg of 


S Of the 
Stars of 
| the daty 
AFe cop. 
Produce 
the giant 
general 
ar of its 
erepaney 


a in the 
Seares 
y of the 
L types, 
Average 
redicted 
€S are 
ith the 
he see. 
of the 





have 
and 
‘lant 
This 
dis- 
t F 
ous 
sult 
iter 
iter 
er 
far 





May 6, 1927] 


fssion, it is generally believed that the components 

have a common origin. The statistical relationship 
shown in the diagram is interesting, though I do not 

wish to emphasize any particular interpretation. A 
similar investigation of the more accurate but less 
extensive data published in Leonard’s paper?® con- 
frms the preliminary results; the corresponding dia- 
grams differ scarcely at all. The selection of the 
material is such that extremely faint components, 
such as Sirius B, are excluded because of the diffi- 
culty in securing their spectra. Including these cases 
would probably tend to increase rather than decrease 
the observed discrepancy. 

On the new intra-atomic theories, the life history 
of a star is considerably lengthened, to the order of 
10° years. It has been demonstrated that the orbital 
diameters and eccentricities of the original spectro- 
scopic binaries could not have changed sufficiently in 
the short time allowed by the older theories to ac- 
count for the existence of visual binaries. The new 
extension of the time scale, however, as Jeans has 
shown,’ allows a sufficient number of long-range en- 
counters with other stars to produce the observed 
result. 

(g) Objections to the Theory of Jeans. Edding- 
ton has criticized Jeans on the grounds that his 
theory makes the rate of generation independent of 
the total mass of the star, which is, at first sight, 
contrary to the observed mass-luminosity relation. 
The objection, is, however, not well founded, for it 
is obvious that if we arrange the stars in order of in- 
creasing mass we shall find them also arranged ap- 
proximately in the order of increasing generation of 
energy per unit mass. One does not necessarily 
cause the other. They are both the result of the 
stars having been arranged in order of age. If all 
the stars at birth had identical masses, they would 
form statistically some such distribution as the mass- 
luminosity law. A glance at Fig. 2 will suffice to 
show that there is sufficient dispersion in the ob- 
served stellar luminosities to allow for a wide enough 
variation in the original mass of a star. 

Eddington has further criticized the work of Jeans 
in the realm of stellar equilibrium. Russell?* has 
cleared away the mathematical conflict existing be- 
tween the theories of these two investigators, showing 
that neither of their theories is accurate in the strict- 
est sense of the word; the fact, however, that they 
agree so well with the observed data shows that they 

are good approximations. 


16 Op, cit. 
17 M.N. 85, 2, 1924. 
18 M.N. 85, 935, 1925. 
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CONCLUSION 


While I have wandered from the main subject of 
the sun, to consider the source of stellar energy, the 
two topics are so intimately related that their solu- 
tions are identical. I consider that I have demon- 
strated the reasonableness of Jeans’s theory by the 
manner in which it seems to fit the observed facts. 
There is, as I can see, no important objection to the 
hypothesis. It is too much to hope that the fore- 
going analysis is rigidly complete, but I confidently 
believe that the main points are established and that 
further modification will consist in the clearing up 
of details. The application of astrophysics and 
atomic theory to a new field appears to have met 
with considerable success. In spite of this success, 
however, caution is necessary. The present position 
of the theory advocated in this paper is somewhat 
analogous to the place once held by the theory of 
Helmholtz—.e., it is the only ore sufficiently elastic 
to stretch over the region of known facts. Our 
knowledge is yet limited and, with our vision thus 
impaired, we can not predict the future. Some un- 
foreseen event may upset our present hypothesis as 
completely as that of Helmholtz; we have built as 
securely as possible upon observation, and it remains 
for the future to test the accuracy of this or any 
other theory so established. 

Philosophers may criticize the super-radioactive 
theory in that it fails to account for the presence of 
these atoms in the sun and stars. Until now, it 
seems to have been tacitly assumed that heavier ele- 
ments were being evolved from lighter ones instead 
of the reverse process here pictured. This last ques- 
tion, however, is fortunately far enough outside the 
physical domain to be considered metaphysics. I 
prefer, then, with Jeans, not to attempt the answer. 
It is obvious that we must stop before we create 
something out of nothing. 


SUMMARY 


In an attempt to discover a reasonable explanation 
of the origin and duration of the solar radiation, all 
possible sources of energy are examined. The fol- 
lowing hypotheses are reviewed and discarded, the 
arguments against their validity being too well known 
to necessitate a review at this place; (1) Original 
Heat; (2) Chemical; (3) Gravitational, (a) Meteorie, 
(b) Contraction; (4) Radioactive. 

In view of the failure of the above hypotheses, 
serious consideration is given to the possible trans- 
mutation of matter into energy. Eddington’s mass- 
luminosity relation appears to demand such a proc- 
ess as the general source of stellar radiation. It is 
shown that any theory which makes the production 
of energy a function of temperature and pressure is 
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subject to severe criticisms—(a) the observed rate of 
energy transformation is greater in the giant than 
in the hotter and denser dwarf stars; (b) the adiaba- 
tic nature of a star would be insufficient to regulate 
the generation of heat. 

Jeans assumes that we have, in the center of stars, 
a quantity of atoms of atomic weight higher than 
uranium, whose super-radioactive powers lead to de- 
composition into energy. The success of the theory 
in accounting for the following observed facts is 
enough to demand its serious consideration. 


1—Life of stars of order of 1013 years 

2—Better value of the stellar absorption coefficient 

3—Giant and dwarf stars 

4—White dwarfs 

5—Early spectral type of spectroscopic binaries 

6—Relations between visual double stars 

7—Sufficiently long time for evolution of orbits of 
visual binaries 

8—Cepheid and Long Period Variables (?) 


The main objection of Eddington to the theory 
appears to be invalid. 
Donaup H. MENZEL 
Lick OBSERVATORY, 
Nov. 25, 1926. 





EXUM PERCIVAL LEWIS 


In the death of Exum Percival Lewis on November 
17, 1926, there was lost to science an inspiring teacher, 
a distinguished investigator in spectroscopy and astro- 
physics, a philosopher and an idealist. Professor 
Lewis was born in Washington County, North Caro- 
lina, on September 15, 1863. He was the son of 
Henry Exum Lewis, a noted physician, and Emma 
(Haughton) Lewis. Owing to the privations brought 
by the Civil War and to the death of his father when 
he was seven years old his elementary education was 
obtained entirely at home. As a boy he served as a 
printer’s apprentice and as a young man accepted a 
position in the War Department at Washington, D. C. 
While thus employed he attended night classes at 
Columbian University (now George Washington Uni- 
versity) from which he was graduated in 1888 with 
the degree of B.S. In 1890 he entered the Johns 
Hopkins University as a graduate student in physics, 
mathematics and astronomy, and from 1891 to 1895 
he was an assistant in physics at that institution, 
having charge of the laboratory instruetion. At the 
same time, from 1892 to 1895, first as instructor and 
then as assistant professor, he lectured evenings on 
general physics, electricity and heat, in the scientific 
school of Columbian University. 

At Johns Hopkins University, under the inspira- 
tion of Professor Rowland, Professor Lewis began 
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the work of an investigator in his chosen fie if 
spectroscopy, receiving the degree of Ph.D. in 1895 
His thesis, on the infra-red spectra of certain met, 
represented practically the first accurate meay, 
ments of infra-red lines. His knowledge of asty) 
omy and astrophysics, in addition to his attainme, 
in physics, led, in 1895, to his being called to th 
University of California, where a physicist was needa 
who could give proper support to the astronomic 
work being undertaken on the campus at Berkeley 
in connection with the work at Lick Observatory, 4} 
the University of California he held the position of 
instructor in physics from 1895 to 1896; assistay: 
professor from 1896 to 1902; associate profes 
from 1902 to 1908; professor from 1908 to the tin. 
of his death, serving after 1918 as the chairman of 
the department. From 1898 to 1900 he was on leay 
of absence on a Whiting Fellowship, engaged in spe. 
troscopie research at the University of Berlin, mat. 







ing a systematic investigation of the effects produce = i 
by small quantities of other substances in the spectr: a 4 
of nitrogen, hydrogen and oxygen. In this work ifn od 
found the first recognition of the fact, which has Rs 
only recently been fully recognized, that the moi 7% ; the 

profound changes in the character and appearanc 4 of « 
of the spectrum of a given element or substance can ‘th wn 
be produced by suitably modifying the excitation 7), 
It was in connection with this investigation that, in ‘ ii 

1900, he discovered the afterglow in a vacuum tube wut 
containing nitrogen in which a slight trace of oxyga Leave 
or water vapor was present. In 1904 he discovered +h ms 
the ability of this afterglow to excite the spectra of ie ba 
various solid substances introduced into the nitroger- “— 
filled tube: this secondary excitation also persisting — 
after the main discharge had ceased. These phe- 1 powe 
nomena, extended by Lord Rayleigh and others, under nd diff 
the term “active nitrogen,” have become of great iu H., . , 
portance. In addition to his researches in active My 
nitrogen he investigated the band spectrum of nitr- be af 

gen, especially the second positive group in the ultra- nes pe 
violet. His discovery of the effect that the introduc #. .. 
tion of self-induction in the circuit has on the band “an 
spectrum of nitrogen is still one of the most striking he of 

examples of what is now known to be the effect of nd the 
changes in temperature upon any band. Among his The E 
other contributions to speztroscopy was the discov- 7% in te 
ery of the continuous spectrum of hydrogen in the sion. ! 
ultraviolet, with a determination of its limits and J 1,, 
the condition most favorable to its production; the MR. conv 
determination of several hundred new lines in the ntelleet 
ultraviolet spectra of krypton and xenon; and the MM .... 
ultraviolet spectrum of the solar corona obtained a 
with a quartz spectrograph of his own design. This Physica 
spectrograph was made possible by a special gram! sam 


from the Carnegie Institution. 
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His papers in physics, in other fields than spectros- 

y, are numerous and include such subjects as the 
aber of gases, conduction of electricity in gases, 
mnges in length and hysteresis losses accompanying 
ponetization, the mechanism of light emission, the 


field op 
In 1895 
D mets 
Measure 


- Astron segue of sound waves and a method of determin- 
ae , amplitudes in sound. His interest in the teach- 

lo the > of physics led him to contribute largely to this 
3 needed 


biet through addresses before educational con- 
ntions and through publication. 

Professor Lewis was strongly attracted to astron- 
ny, especially on the astrophysical side. He was a 
mber of the Crocker Eclipse Expeditions of the 
ck Observatory in 1908 at Flint Island in the 
mth Seas, in 1918 at Goldendale, Washington, 
i in 1923 at Ensenada, Lower California. His 
recial part in these expeditions was the study of 
ecorona. His photographs showed the continuous 
vectrum of the inner corona from 25500 to 43175, 
th a number of bright lines, which had not been 
viously observed, superimposed. His  observa- 
ons led to the conclusion that the temperature of 
einner corona probably exceeded 2,000° absolute. 
Professor Lewis was a teacher of rare charm. He 
x1 the power of separating the essentials from a 
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Most 


ome ass of confusing details and presenting the material 
om ith clearness and an absorbing interest. He was 
ae npathetie and patient, allowing great freedom to 
tube ients and colleagues associated with him, but de- 
seal anding always a high standard of scholarship. He 
net 4j pparted to the students enthusiasm and high ideals. 
ad ith many of the present methods of education he 
cen. A outspoken opposition, maintaining that they 
sine ded to develop mediocrity rather than the highest 
ie tainment possible. He was unusually gifted with 
nder Me Power of popular exposition, presenting technical 
io. h difficult conceptions in physics and astronomy 
sive ith a clearness and simplicity that appealed to the 
no oe and brought to his hearers a fuller apprecia- 
in oo of the interest and value of science. Many of 
jue popular addresses, on a wide variety of sub- 
jar ts, were published. They included such titles as 
ing Science, Materialism and Ethics,” “The Contribu- 
mL of Astronomy to Civilization,” “The University 
his nd the Physical Sciences,” “Scientific Imagination,” 
ca The Ethical Value of Science,” “The Spectroseope, 
the ney to Celestial and Atomic Mysteries,” “The Evo- 
ad ition, Death and Resurrection of the Stars.” 

he The geniality of Professor Lewis and his powers 
he it conversation made him a welcomed addition to any 
he ntellectual gathering. He was an active member 
d it several clubs, including the Chit Chat Club of 
a fe F rancisco. He was a member of the American 
it lysieal Society, serving as a member of the council, 


Sa member of the editorial board, and as Pacific 
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Coast secretary; the California Academy of Science; 
the Optical Society of America; the Astronomical 
Society of the Pacific, serving as a member of the 
board of directors and as president; the American 
Association for the Advancement of Science, serving 
as vice-president, physics section, and as president 
of the Pacific Division. He was a member of the 
honor societies Phi Beta Kappa and Sigma Xi. 
Professor Lewis was married in 1901 to Louise 
Sheppard, of San Francisco. His widow, a daugh- 
ter, Evelyn, and a son, John Sheppard, survive him. 
ELMER EK. HA 





SCIENTIFIC EVENTS 


THE BRITISH MOSQUITO CONTROL 
INSTITUTE 


Nature prints an account of the first statutory gen-. 
eral meeting of the British Mosquito Control Institute, 
which was held at the Hotel Cecil, London, on March 
30. The council was elected in accordance with the 
articles of association approved by the Board of 
Trade, and by which the institute is registered under 
the Companies Acts, 1908-1917, as a company limited 
by guarantee and not having a share capital. Since 
the anti-mosquito campaign was begun at Hayling 
Island about seven years ago, it has become increas- 
ingly evident that the work so successfully accom- 
plished there is of more than local interest, and that 
medical officers of health and sanitary inspectors in 
many parts of Great Britain, as well as abroad, de- 
sire to know how to keep mosquitoes under control. 
The Ministry of Health can only concern itself with 
these insects as disease carriers, even though in some 
districts they make life out of doors almost intolerable 
in certain months of the vear. The Natural History 
Museum is always willing to identify specimens and 
give general guidance on methods of dealing with 
them, but neither it nor the Ministry of Health is con- 
cerned with actual field operations by which the mos- 
quito nuisance may be reduced or eliminated. This 
practical knowledge is, however, available at the 
British Mosquito Control Institute at Hayling, where 
there is now a substantial building with laboratory, 
museum, photographie room and other facilities for 
the study of all stages of mosquito life and its regu- 
lation. The institute has been vested in trustees by 
the founder and director, Mr. J. F. Marshall, whose 
devoted services in solving problems of mosquito con- 
trol are widely known and appreciated. Membership 
is open to all who are interested in the subject, and it 
is hoped that, in due course, sufficient support will 
be forthcoming from members and public bodies to 
make the institute self-supporting and extend its 
activities. The council includes among its members 
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Sir Ronald Ross, Sir William Simpson, Sir Arthur 
Shipley, Dr. Andrew Balfour, Major E. E. Austen, 
Sir James Crichton-Browne, Dr. G. A. K. Marshall, 
Dr. C. M. Wenyon and other entomologists familiar 
with the mosquito pest, and the chairman is Sir Rich- 
ard Gregory. The address of the institute is Hayling 
Island, Hampshire. 


PUBLIC LECTURES AT THE SCHOOL OF 
TROPICAL MEDICINE OF THE UNI- 
VERSITY OF PORTO RICO 


DuRINnG the present (first) session of the school of 
tropical medicine of the University of Porto Rico and 
Columbia University, at San Juan, the following pub- 
lic lectures by visiting scientists were given: 


January 11. The environment: Professor E. 8. Phelps, 
of the De Lamar Institute of Public Health, Columbia 
University. 

February 4 and 9. Schistosomiasis, trypanosomiasis, 
and pulmonary distomatosis in Venezuela: Dr. Juan 
Iturbe, Caracas. 

February 22 and 25. Bonds of union between tropical 
medicine and general medicine, and relationship between 
Weil’s disease and yellow fever: Dr. A. W. Sellards, 
associate professor of tropical medicine, Harvard Uni- 
versity. 

March 2. Investigations on rickets in New Haven, 
Conn., and in Porto Rico, with special reference to the 
effects of sunlight: Dr. Martha Eliot, of the Children’s 
Bureau, U. 8. Depariment of Labor, and the Yale Med- 
ical School. 

March 8. Experimental epidemiology: Dr. Simon 
Flexner, director of the Rockefeller Institute for Med- 
ical Research, New York. 


The last lecture of the series was to be given on 
May 3 by Dr. James W. Jobling, professor of pathol- 
ogy in Columbia University, on “Blood Destruction 
with Special Reference to the Influence of Diet.” 

R. A. LAMBERT, 


Director 


THE ONE THOUSANDTH MEETING OF THE 
ENTOMOLOGICAL SOCIETY OF 
CORNELL UNIVERSITY 

On May 28 there will occur an event of interest to 
many entomologists in this and in other countries: 
the one thousandth meeting of Jugatae, the entomo- 
logical society of Cornell University. The society was 
founded on February 26, 1897, and has been an im- 
portant factor in encouraging research in entomology 
at Cornell throughout its history. 

The members of Jugatae are chiefly graduate stu- 
dents in entomology and members of the department. 
During the thirty years of its existence it has included 
students from all parts of the world, twenty-six coun- 
tries having been represented at one time or another. 
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At present there are sixty active members Tepresemm, Andy 
ing Canada, Porto Rico, Chile, Hawaii, the pyj, Hor P. 
pine Islands, Spain, Poland, Australia and China gE Louis; 
well as many of the states of our Union. A fy ; ; Unive 


of prominent entomologists and biologists who ha 
attended meetings would be much too long for Dre 
entation here but would include from our 
country Dr. L. O. Howard, Dr. W. M. Wheeler, ) 
S. A. Forbes, Dr. Herbert Osborn, Dr. Vernon xj 
logg, and from other countries Dr. William Bate 
Dr. Paul Marchal, Dr. Arthur Gibson and Dr, | ; 
Tillyard. 

Jugatae, though serving as a seminar for the en 
mological department, has become an institution 
Cornell and has achieved a personality not oft 
associated with a seminar. Its object has been 4 
give all members opportunity to learn of the advang 
work being done in the department.” Hence mg 
time has been given “to reports of the results 
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original investigations than to compilations, suli,, Th 
maries and reviews.” Indeed, the programs of lifiBademy i 
years have consisted almost exclusively of reports flys Univ 
the research being done by members, and this, peqmiophysic 
haps, is the chief reason for the intimacy of thiMashingtc 
meetings and the place the society holds in the com Dr. Jo 
duct of the department. stitutior 

The thousandth meeting is to be made the occasioiiirvey, W 
for a celebration to which all its old members hav@mme counci 
been invited. This celebration will be held on Satuyin 0. } 
day, May 28, and it is hoped that of its hundreigirs were 
of former members many will be able to attend. trie Te 
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- THE AMERICAN PHILOSOPHICAL 
SOCIETY 
Dr. F. X. DERcuM, emeritus professor of nervol 
and mental diseases at Jefferson Medical College, hi 
been elected president of the American Philosophic 
Society to succeed the late Dr. Charles D. Walcott 
Dr. Henry Fairfield Osborn, president of the Ame 
ican Museum of Natural History; Dr. William 
Campbell, president of the University of Californi 
and Dr. James A. Breasted, professor of Egyptolog 
and Oriental history at the University of Chicagi 
have been elected vice-presidents. 


Dr. Arthur W. Goodspeed, of the University (Mj Willian 
Pennsylvania, and Dr. John A. Miller, of Swarthmo merican 
College, were named secretaries; Eli K. Price, ° oo 

atory 


Philadelphia, treasurer, and William P. Wilson, ° 
the Philadelphia Museums, curator. 

The following councillors were elected to serve {0 
three years: Dr. Edwin Grant Conklin, Princeto 
Cyrus Adler and former Governor William C. Sprou 
both of Philadelphia, and Charles F. Brush, Clevé 
land. 

Fifteen new members were admitted—Roy Chal 
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_ Andrews and Robert Henderson, New York; 
jar P. Davis, Oakland, Calif.; Joseph Erlanger, 
Jouis; Irving Fisher and William Lyon Phelps, 
» University; Paul Darwin Foote and Gerrit S. 
Her, Jr, U. S. Department of Agriculture, Wash- 
on; Tenney Frank, Baltimore; Frank Pierrepont 
wves, Albany, N. Y.; B. Smith Hopkins, Univer- 
of Illinois; Dr. Max L. Margolis, Dr. Thomas 
ich Montgomery, Dr. J. Parsons Schaeffer and 
ort S. Weimer, Philadelphia. 


ECTIONS BY THE NATIONAL ACADEMY 
OF SCIENCES 


Dr. THOMAS Hunt Morean, professor of experi- 
tal zoology in Columbia University, was elected 
xident of the National Academy of Sciences at the 
nt annual meeting held in Washington. Pro- 
sor Morgan succeeds Professor Albert A. Michel- 
, of the University of Chicago, for a four-year 
n, The only other living past president of the 
ndemy is Dr. William H. Welch, of the Johns Hop- 
3 University. Dr. Frederick E. Wright, of the 
pphysical Laboratory of the Carnegie Institution of 
sshington, was elected vice-president, in succession 
Dr. John C. Merriam, president of the Carnegie 
stitution. Dr. David White, of the U. S.-Geological 
vey, was reelected home secretary. As members of 
ecouncil there were elected Dr. George E. Hale, Dr. 
in C. Merriam and Dr. J. McKeen Cattell. Mem- 
ys were elected as follows: 


Eric Temple Bell, professor of mathematics, California 
stitute of Technology. 

Charles Peter Berkey, professor of geology, Columbia 
hiversity. 

Villiam Bowie, chief of the division of geodesy, 
§. Coast and Geodetic Survey. 

Arthur Holly Compton, professor of physics, Univer- 
ty of Chicago. 

Benjamin Minge Duggar, botanist of the Missouri 
tanical Gardens. 

Thomas Alva Edison. 

Rollins Adams Emerson, professor of plant breeding, 
mell University. 

Herbert McLean Evans, professor of anatomy, Uni- 
rity of California. 

William King Gregory, curator of paleontology, the 
merican Museum of Natural History. 

Eiwin Powell Hubble, astronomer, Mt. Wilson Ob- 
atory. 

Claude Silbert Hudson, chemist, U. S. Bureau of 
andards. 

Alfred Newton Richards, professor of pharmacology, 
liversity of Pennsylvania. 

Francis Peyton Rous, member of the Rockefeller In- 
itute for Medical Research. 

Albert Sauveur, professor of metallurgy, Harvard Uni- 
tity, 
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Henry Van Peters Wilson, professor of zoology, Uni- 
versity of North Carolina. 


As foreign associates there were elected: 


Paul Sabatier, professor of chemistry, University of 
Toulouse. 

Godfrey Harold Hardy, Savillian professor of geom- 
etry, University of Oxford. 

Carl Stumpf, emeritus professor of philosophy, Univer- 
sity of Berlin. 


At the meeting of the executive board of the Na- 
tional Research Council of the National Academy, 
the following general officers were elected: Chair- 
man, Gano Dunn, president of the J. G. White 
Engineering Corporation, New York City; first vice- 
chairman, T. H. Morgan, president-elect of the Na- 
tional Academy of Sciences; second vice-chairman, 
John C. Merriam, president of the Carnegie In- 
stitution of Washington; third vice-chairman, R. A. 
Millikan, California Institute of Technology. The 
permanent secretary, Dr. Vernon Kellogg, and the 
treasurer, Dr. George K. Burgess, director of the Bu- 
reau of Standards, continue in these offices. To re- 
place vacancies occurring in the membership at large 
of the executive board, James F. Norris, professor of 
organic chemistry, Massachusetts Institute of Tech- 
nology; F. R. Moulton, professor of astronomy, Uni- 
versity of Chicago, and John R. Freeman, consulting 
engineer, Providence, were elected. 





SCIENTIFIC NOTES AND NEWS 
Dr. Max WEpER, emeritus professor of zoology at 
the University of Amsterdam, an authority on marine 
mammals and fish and for many years engaged in 
oceanographic work, has been awarded the Agassiz 
Medal by the National Academy of Sciences. 


Dr. CHaRLES §. Howe, president of the Case 
School of Applied Science, was awarded the Cleve- 
land Medal for outstanding service in the public 
interest at the annual banquet of the Cleveland 
Chamber of Commerce held on April 19. Dr. Howe 
has been connected continuously with the school for 
the past thirty-eight years, taking the chair of mathe- 
matics and astronomy in 1899. In 1902 he succeeded 
Dr. Cady Staley as the second president. 


Dr. Hipero Nocucuti, of the Rockefeller Institute 
for Medical Research, has been elected a member of — 
the Royal Academy of Sciences of Denmark. 


THE medical faculty of Freiburg University has 
conferred the distinction of doctor honoris causa on 
Tatsukichi Irisawa, professor of internal medicine at 
Tokyo. 


AT a meeting of the Medical Society of London, 
held on March 28, the following were elected honorary 
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fellows: Professor Irving Cameron (Canada), Pro- 
fessor Sir Charles Sherrington (Oxford), Professor 
H. C. Jacobaeus (Stockholm), and Professor K. F. 
Wenckebach (Vienna). 


Dr. Konrap E. BirKxAvG, assistant professor of 
bacteriology in the University of Rochester School of 
Medicine and Dentistry, has been elected a member 
of the Norwegian Pathological Society in Oslo. 


Srx American engineers have received the cross of 
knight of the Czechoslovak Order of the White Lion, 
“in appreciation of services rendered on behalf of 
the Czechoslovak State.” They are Professor Joseph 
W. Roe, Calvin W. Rice, Alfred D. Flinn, H. S. 
Pearson, all of New York; Lawrence W. Wallace, of 
Washington, and Morris L. Cooke, of Philadelphia. 


Proressor Cassius J. Keyser, of Columbia Uni- 
versity, who asked to be retired on June 30, has been 
appointed Adrain emeritus professor of mathematics. 


THE New York Academy of Dentistry recently gave 
a testimonial dinner to Professor William J. Gies, 
professor of biochemistry in Columbia University, in 
recognition of his completion of a survey of the 
status of dental education in this country on which 
he worked six years under the auspices of the Car- 
negie Foundation. At the dinner it was announced 
that a fellowship fund, to be known as the William 
J. Gies fellowship fund in biochemistry for dental 
students at Columbia University, has already received 
contributions amounting to $18,000. 


Dr. Witut1ams McKim Marriott, dean and pro- 
fessor of pediatrics of Washington University School 
of Medicine, St. Louis, has been elected temporary 
president of the newly organized Missouri Society for 
Crippled Children. 


THE council of the British Illuminating Engineer- 
ing Society has nominated D. R. Wilson as president 
for the coming session. 


Dr. F. L. Pyman, professor of technological chem- 
istry in the university and in the college of technol- 
ogy, Manchester, has been appointed head of the re- 
search laboratories of Messrs. Boots Pure Drug Com- 
pany, Ltd. 


Proressor A. E. Taywor, director of the food re- 
search institute at Stanford University, has been ap- 
pointed by President Coolidge a member of the Amer- 
ican delegation to the International Economic Con- 
ference called by the League of Nations to meet in 
Geneva on May 4. 


Dr. J. C. DRummonp, professor of biological chem- 
istry at University College, London, and Dr. E. K. 
Rideal, lecturer in physical chemistry at the Univer- 
sity of Cambridge, are among those who have ac- 
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cepted invitations to take part in the program of; . tensi 
Institute of Chemistry of the American Chemica) gimhiids 8 
ciety to be held this summer at Pennsylvania g, 
College. PROFES 
nt Of | 
Recent foreign visitors to the United States incyjlmmysland, 
Dr. G. Delepine, professor of geology at Lille, Fraydimyes at 
C. M. F. Swynnerton, chief of the departmen De. T. 
game preservation, Tanganyika Territory, Africa, , raral | 
T. H. C. Taylor, an entomologist on the staff of Virgi 
Department of Agriculture, Fiji. Mare 
Nature states that Sir John Russell, director of dampat(l 
Rothamsted Experimental Station; Major Wat, B 
Elliot, Parliamentary Under-Secretary of State at 
Scotland and chairman of the research committer MM once 
the Empire Marketing Board, and Dr. J. B. Or, a Apri 


rector of the Rowett Institute for Research in A) 
mal Nutrition, Aberdeen, are on their way to Pales 
to inquire into problems of animal husbandry. 


ganic | 


Iv is | 









delegation will meet delegates from Cyprus and pn ihe : 
ably also from Iraq. the 
alvary 

L. W. KepHart, agronomist in clover investigatiojgmme thet 
office of forage crops, and R. L. Piemeisel, physiclgiii and | 
gist of the office of plant geography and physiologgi yy A 
U. S. Bureau of Plant Industry, left Washington am » Sm: 


May 1 on a ten-month collecting trip into Briti 
East Africa. 


pctures 
ostum. 
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Henry B. Cotirs, Jr., and T. Dale Stewart, 1 
the U. S. National Museum, have left Washington iqye*- I 
Alaska to seek for the remains of ancient man ani relat 
study contemporary races. hfe in t 


Unpber the direction of Dr. Max S. Dunn, assist = 
professor of biochemistry of the University of (il 
fornia, the whaling ship Lansing has been cruising 0 ae 

_ 


the coast of southern California and Mexico in sear 
of whales, from which the pituitary and some otha Dr. 
















glands are being preserved for study in laboratovegpoology 
of the university. pave ty 
‘illaw 

Dr. Francis M. Root, associate in medical ent, i 
mology at the School of Hygiene of the Johns Ho Bignifi 
kins University, sailed on April 27 for Venezuel reniny 
where he will study the mosquito of the region. 4 ity on 
expects to be away until September. Dr 
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Dr. Water T. SWINGLE, in charge of the office 0 
crop physiology and breeding, U. S. Bureau of Plat 
Industry, sailed for Algeria on April 9, to atten 
a conference called to discuss baiudh, a destructir 
disease of dates. 
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Dr. LecomTe pu Novy, associate member of tlt 
Rockefeller Institute for Medical Research, is g0it§ 
to Paris in June on a year’s leave. He will contin 
the work which he has been carrying on on the su 
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tension and the viscosity of organic and biologic 
ioids at the Pasteur Institute of Paris. 


pporessoR J. H. Prrestiey, head of the depart- 
nt of plant pathology of the University of Leeds, 


ates inchydlmncland, has returned home after a series of lec- 
le, Frandfiyes at the University of California. 
artment Dp. T. K. WOLFE, agronomist at the Virginia Agri- 


Africa, 


' iwral Experiment Station, addressed the University 
taft of ¢ 


Virginia chapter of the Society of the Sigma Xi 
March 8, on “Achievements in Agricultural Re- 
arch.” 

De. B. S. Hopkins, professor of inorganic chem- 
try at the University of LIllinois, addressed the 
jence Club of the Virginia Polytechnic Institute 
, April 16, on “Some Recent Advancements in In- 
ranic Chemistry.” 
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Ir is announced that Professor Kirtley F. Mather, 
the department of geology at Harvard University, 
nj the Reverend Dr. John Roach Straton, pastor of 
alvary Baptist Church, will engage in debates on 
ie theory of evolution. Tentative dates are May 
and May 14. 


0x April 20, 21 and 22 Mr. Austin H. Clark, of 
ie Smithsonian Institution, gave a series of three 
vtures on “Life in the Sea,” at the annual sym- 
sium arranged by the Buffalo Society of Natural 
wart, @acences, the University of Buffalo and Canisius Col- 
eton time In these lectures marine life was discussed in 
n and qs relation to life on land, and in its relation to sea 
ife in the past as evidenced by a study of the fossils. 
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Dr. CHaRLEs A. Kraus, research professor of 
hemistry at Brown University, will offer two lecture 
uurses in the forthcoming summer session at Western 
leerve University, June 20 to July 29. 
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Dr. NatHAN Fasten, head of the department of 
logy of the Oregon State Agricultural College, 
pave two addresses before the students and faculty of 
‘illamette University on April 25. In the morning 
le spoke before a general assembly on “The Social 
Significance of the Eugenics Movement.” In the 
ening he addressed the men students of the univer- 
ity on “The Physiology of Human Reproduction.” 
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Dr. M. F. Guyer, of the University of Wisconsin, 
tddressed the recent meeting of the Northwestern 
University chapter of Sigma Xi on the subject of 
‘Heredity and Human Conduct.” The meeting was 
eld in the new medical school building on McKinlock 
Campus. 


fice 0 
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f th@™ Tue Society of Biology in Paris and its affiliated 
rong Ocieties, together with the Eighth International Con- 
tinu@™ tess of Neurologists, are planning to celebrate the 


surfm™undredth anniversary of Vulpian’s birth from May 
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27 to June 2, simultaneously with their regular ses- 
sion. It will coincide with the commemoration of the 
hundredth anniversary of Pinel’s death, which is being 
organized by the Medico-psychologie Society. 


A portrait of the late Dr. Henry J. Waters, former 
dean of the College of Agriculture at the University 
of Missouri, was recently unveiled in the library of 
the college of agriculture and presented to the college 
as the gift of members of the faculty and a number of 
the alumni. - 


Yate University plans to honor the memory of 
two of its teachers, Josiah Willard Gibbs and William 
Graham Sumner, by the establishment of the Gibbs 
Fund and the Sumner Fund, $150,000 having been 
contributed to the $250,000 required for each fund. 
The income from the Sumner fund will be devoted, 
according to a vote of the university corporation, to 
the work of the department of economies, sociology 
and government; the income from the Gibbs fund to 
the work of the departments of chemistry, physics and 
mathematics. 


Dr. Irvine BARDSHAR CRANDALL, a member of the 
technical staff of the Bell Telephone Laboratories and 
an authority on the telephonic transmission of speech, 
died on April 22 at the age of thirty-six years. 


ProrFessor Harry THOMAS SPENGLER, of the de- 
partment of civil engineering at Lafayette College, 
died on April 23, aged forty-four years. 


Dr. Hermann D. ENGELHARDT, for the past thirty- 
two years head of the analytical department of Sharp 
and Dohme, Baltimore, died on February 9, aged 
sixty-four years. 


Dr. ALFRED H. BucHerer, professor of mathemati- 
cal physics at Bonn, Germany, died on April 16, aged 
sixty-two years. Dr. Bucherer formerly lived in this 
country when he held the position of chemist for the 
Aluminum Company of America. 


PROFESSOR HERMANN AMBROWN, for many years 
head of the department of microscopy at Jena, has 
died at the age of seventy-one years. 


THE third annual meeting of the Pennsylvania 
Academy of Science was held at Harrisburg on April 
15 and 16. Sixteen papers were read in the scientifie 
program. At the dinner of the academy Dr. George 
P. Donehoo, of Harrisburg, gave an address on “The 
Indians of Pennsylvania.” The following officers 
were elected: President, E. A. Ziegler, director of the 
Pennsylvania State School of Forestry; Vice-presi- 
dent, F. D. Kern, Pennsylvania State College; Secre- 
tary, T. L. Guyton, Pennsylvania Bureau of Plant 
Industry; Assistant secretary, M. W. Eddy, Carlisle; 
Treasurer, H. W. Thurston, Pennsylvania State Col- 
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lege; Editor, R. W. Stone, Pennsylvania Geological 
Survey; Executive Committee, O. E. Jennings, Uni- 
versity of Pittsburgh; B. L. Miller, Lehigh Univer- 
sity; N. H. Stewart, Bucknell University, and W. A. 
McCubbin, Pennsylvania Bureau of Plant Industry. 


Dr. ARNOLD DRESDEN, assistant secretary of the 
American Mathematical Society, reports that the 
twenty-seventh western meeting of the society was 
held at the University of Chicago on Friday and 
Saturday, April 15 and 16, 1927. Professor Virgil 
Snyder, Cornell University, president of the society, 
presided at some of the sessions, being relieved by 
Professor D. R. Curtiss, H. L. Rietz, Dunham Jackson 
and G. A. Bliss. The total attendance at this meeting 
was about 120, including 87 members of the society. 
At this meeting fifty papers on geometry, point set 
theory, algebra, theory of numbers, applied mathe- 
matics and analysis were presented. A special fea- 
ture was the symposium address on “Some Phases of 
General Topology,” delivered on Friday afternoon by 
Professor E. W. Chittenden, of the University of 
Iowa. 


THE Association of State Geologists on invitation 
of George Otis Smith, director of the U. S. Geological 
Survey, met in Washington, D. C., on April 25 and 
26, for a conference with officials of the Federal Sur- 
vey. Sixteen State Geological Surveys were repre- 
sented. Those present were: H. A. Buehler, Mis- 
souri; G. C. Branner, Arkansas; J. A. Bownocker, 
Ohio; E. F. Bean, Wisconsin; C. N. Gould, Okla- 
homa; Herman Gunter, Florida; C. A. Hartnagel, 
New York; M. M. Leighton, Illinois; H. B. Kummel, 
New Jersey; E. B. Mathews, Maryland; 8S. W. Mc- 
Callie, Georgia; R. C. Moore, Kansas; Wilbur A. 
Nelson, Virginia; W. F. Pond, Tennessee; R. W. 
Stone, Pennsylvania; I. C. White, West Virginia. 


THE regular meeting of the Le Conte Geological 
Club was held at the department of geology, Stan- 
ford University, on April 25. Papers were presented 
by Howell Williams, George E. Ekblaw, M. K. Eliase- 
vich, and Marcel %. Touwaide. Professor A. C. Law- 
son delivered an after-dinner address on “Geological 
Observations in Africa.” Officers for the coming 
academic year were elected, Dr. Solon Shedd, curator 
of the Branner geological library at Stanford, suc- 
ceeding Mr. E. L. Furlong, of the University of Cali- 
fornia as president, and Dr. Hubert G. Schenck was 
reelected secretary-treasurer. 


THrRouGH the efforts of Dr. I. Maizlish, head of the 
department of physics at Centenary College, the 
Sigma Delta chapter of the Sigma Pi Sigma National 
Physics Fraternity was established on April 20. Dr. 
J. M. Douglas, head of the department of physics at 
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Davidson College, North Carolina, installed the q,, 
ter. Addresses at the initiation banquet were maf 
by President Geo. S. Sexton, Dr. J. M. Douglas, py 
I, Maizlish, Dean Jno. A. Hardin and Professor py 
ert Frye. The charter members are: T. J. Mcc,, 
president; Edwin Monkhouse, Secretary-treasure 
Henry Fisher, vice-president, and John I. Mc(yj, 
Dr. Maizlish is an honorary member of the Centeng» 
chapter. 
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Unper the auspices of the Associated Busines 
Papers, the American Chemical Society, the America 
Engineering Council, the American Electrochenje 
Society, the American Institute of Electrica] Engi 
neers, the American Institute of Chemical Engineer, 
the American Institute of Mining and Metallurgia| 
Engineers, the American Society of Civil Engineer, 
the American Society of Mechanical Engineers, thy 
Army Ordnance Association and the Society of Ani. 
motive Engineers, a special trip to West Point j 
being arranged on May 12. The Alexander Hamilio 
of the Hudson River Day Line has been chartered {i 
the trip. On reaching West Point the party will 
the guests of Brigadier-General M. B. Stewart, supe. 
intendent of the academy. A close survey of th 
operation of the National Military Academy will 
permitted and there will be special drills by the cadets, 
followed by an evening parade in full-dress unifom 


It is planned to leave the West 42nd Street pier a Panl’s 
10: 00 a. m., returning there at about 10: 00 p. m. Acc 

Nature reports that the tenth Italian Geographic oy 
Congress will be held at Milan from September 6 to he 
15, under the patronage of the King of Italy and the of the 
honorary presidency of the prime minister. It is bei part 0 
organized by the Italian Touring Club. There will... 
five sections: (1) Physical and cartographical; (2) collect 
historical; (3) political and economic; (4) explan- Wii 
tion; (5) education. At the conclusion of the mec- Hy. 
ings there will be a number of excursions, by rail ot orn 
road, to various parts of Italy. During the congrs# 
there will be an exhibition of recent Italian maps au nist) 


photographs. 


THE fifth exhibition of chemical apparatus and 2) U 
pliances will take place from June 7 to 19 at Eset, 
Germany, and simultaneously the principal confer 


ence of the Association of German Chemists. Pr Ux 
vious exhibitions have been held at Hanover, Stutt phys; 
gart, Hamburg and Niirnberg, under the name of the H helg 
“Achema.” The name “Achema” is a combinatil he 
of the initial letters of the “Ausstellung fiir chem be 
isches Apparate-Wesen” (exhibition of chemical a? , ” 
‘ own 
paratus and appliances). Apart from the problems a 
of chemical apparatus technic in general, which a1 it 
from science and practice, the matter of apparatts Lake 
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or the chemical treatment of carbon will have spe- 
‘al attention. The exhibition will be held in five halls 
‘nated on the exhibition grounds at Essen, which 
rave been completely renovated for the purpose. 
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Tue opening of the Museums of the Peaceful Arts 
, New York ;City took place on April 20, follow- 
ng a dinner meeting of the American members of the 
veweomen Society. The Museums of the Peaceful 
Arts, of which Dr. F. C. Brown was recently ap- 
nointed director, occupy temporary headquarters at 
he Scientific American Building, 24 West Fortieth 
Street, where a start has been made in organizing a 
vreat industrial technical museum for the city, made 
possible by a bequest from the late Henry R. Towne. 
he Neweomen Society is organized for the study of 
history and technology. Its headquarters are in Lon- 
don, but it has an active group in America. Charles 
Penrose, American member of the council, presided at 
he meeting which followed dinner at the Engineers’ 
Club. This meeting was held simultaneously with a 
meeting in London, and a paper on Mare Sequin and 
the invention of the tubular boiler was read at both 
gatherings. Following the dinner the group ad- 
journed to the museums, where they were greeted by 
Dr. George F. Kunz, president, and surveyed the ex- 
hibits so far collected, which include a portion of the 
lightning rod which Benjamin Franklin erected on St. 
Paul’s Cathedral. 


AccorDING to Nature a Danish scientific expedition, 
under the leadership of Professor C. Olufsen, and 
supported by the Carlsberg fund, is now on its way 
to Senegal to explore the upper region of the valley 


ers, the 
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ha of the River Niger, the Upper Volta, and the south 
vill be part of the Sahara, especially Air (Asben or Agadiz). 
(2) The expedition, the main purpose of which will be to 
all collect objects of ethnological interest for the Danish 
at Museums, is to return via Zinder and Kano, through 
ail ot Nigeria, to the Guinea Coast, and thence by sea to 
ene Dakar. Professor Olufsen will be accompanied by 
ani e ° Danish scientific workers, Oluf Hagerup (bota- 
ust) and Harry Madsen (zoologist). 
la 
tr UNIVERSITY AND EDUCATIONAL 
ifer- NOTES 
we Unto CouteGE, Schenectady, dedicated its new 
‘the phy — laboratory on April 30. The exercises were 
bon | held in the building, which is nearing completion. 


enl- Tue will of the late Dr. Walter B. James includes 
bequests of $25,000 to Columbia University to the en- 


ap 

ons ME COWment fund of the College of Physicians and Sur- 
rise MB S°ODS; $25,000 to the New York Academy of Medicine, 
tus J 2d $25,000 to the Trudeau Sanatorium, Saranac 


Lake, 
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It was announced, April 9, that Samuel Mather has 
subscribed $1,000,000 toward the campaign to raise 
$6,000,000 by the university hospitals of Cleveland for 
additions to the medical center. Thirteen years ago, 
Mr. Mather and his associates secured the land for the 
medical center, and his gifts to its institutions already 
total millions of dollars. 


PROMOTIONS announced by Columbia University in- 
clude the following from the grade of associate pro- 
fessor to full professor: Dr. Albert T. Poffenberger, 
psychology; Dr. Samuel R. Powers, natural sciences; 
Dr. William D. Reeve, mathematics; Dr. William E. 
Caldwell, clinical obstetrics and gynecology; Dr. Wil- 
liam W. Herrick, clinical medicine, and James K. 
Finch, civil engineering. 

Dr. Ross V. Parrerson, dean of Jefferson Medical 
College, has been elected to a full professorship in 
medicine in the college. Other promotions include 
Dr. C. E. G. Shannon, to be professor of ophthalmol- 
ogy, and Dr. Fred J. Kalteyer, Dr. E. J. G. Beardsley, 
and Dr. Elmer H. Funk, professors of medicine. 


Dr. Sripney S. Necus, professor of organic chem- 
istry at the University of Richmond, has been ap- 
pointed to a similar position in the Medical College 
of Virginia, Richmond. 


Dr. J. R. HaaG, assistant professor of agricultural 
and biological chemistry at Pennsylvania State Col- 
lege, has been appointed to a position in the Oregon 
Experiment Station. 


Assistant Proressor ErHen M. Trerry-McCoy has 
resigned from the staff of the department of chemistry 
at the University of Chicago. 


Dr. Cecit McLarEN West has been appointed pro- 
fessor of anatomy in the University College of South 
Wales, in succession to Professor D. Hepburn, who 
retires from the beginning of October. 


E. Forx, director of the Central Station of Phyto- 
pathology, Paris, has been appointed professor of 
plant pathology at the National Horticultural School. 





DISCUSSION AND CORRESPONDENCE 
NaOH VERSUS Na,CO, 


As a result of recent investigations upon alkali soils 
in the division of agricultural chemistry of the Ari- 
zona Agricultural Experiment Station, it has been 
shown that very few black alkali soils actually con- 
tain sodium carbonate, under field conditions. The 
alkalinity of such soils is due to the presence of 
sodium hydroxide, which in turn is derived from the 
hydrolysis of sodium zeolite. 

The erroneous idea that many soils contain exces- 
sive amounts of sodium carbonate has arisen from 
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the fact that, in an analysis for water soluble salts, a 
high ratio of water to soil has been used. Under 
these conditions sodium zeolite will be hydrolyzed 
almost completely, and the alkalinity when calculated 
to the dry-soil basis may represent a relatively high 
percentage of sodium carbonate. The hydroxyl ions 
that are derived from the hydrolysis of sodium zeolite 
have heretofore been thought to be derived from the 
hydrolysis of sodium carbonate. When, in making 
an extract, the ratio of water to soil is gradually 
reduced, the percentage of hydroxyl ions is also re- 
duced, until at a ratio that represents the optimum 
moisture content of the soil, few, if any, OH ions are 
found in the soil solution. 

The titration curves for pH values of black alkali 
soils have been compared with curves made from 
solutions of known alkalis, and in this way the results 
of the soil investigation have been confirmed. This 
work, which has recently appeared as Technical Bul- 
letin 13 of the Arizona Experiment Station, entitled 
“Sodium Hydroxide rather than Sodium Carbonate 
the Source of Alkalinity in Black Alkali Soils,” by 
J. I’. Breazeale and W. T. McGeorge, has an impor- 
tant bearing upon the reclamation of alkali lands by 
leaching, the application of gypsum and other cor- 
rectives and to other practical soil problems. 


P. S. Buraess 
UNIVERSITY OF ARIZONA 


RESPIRATION OF INSECTS 

It has been known for a long time that insects 
breathe by means of openings called spiracles along 
both sides of the thorax and abdomen. These open- 
ings lead to tubes which branch and rebranch and 
thus spread to all parts of the body. The abdomen 
pulsates out and in during respiration. 

In order to determine whether some of the spiracles 
were used for inhaling air and others for exhaling, the 
following experiments with large active grasshoppers 
were tried. 

The first experiment consisted in placing the body 
of the grasshopper in a vertical position in a glass 
vessel. Water was then poured into the vessel until 
the abdomen was immersed in water and the head and 
thorax were out of water. The grasshopper was left 
in this position for twenty-four hours. At the end of 
that time it was taken out and appeared to be none 
the worse for its experience. During the course of 
the experiment I noticed that the abdomen continued 
to move in a normal manner and that air bubbles kept 
coming out of the abdomen. 

The second experiment consisted in taking another 
grasshopper and reversing its position so that the 
head and thorax were under water and the abdomen 
only was out of water. The grasshopper was left in 
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this position for twenty-four hours and du; ; The 
time air bubbles came out around the thorax ang jim nal 
to the surface cf the water. When the Srasshoppellm textur 
was liberated it seemed quite normal. of lig 
In the third experiment a grasshopper was Dlacoilmm tively 
in a vertical position in water with only the heaj 9, Acc 
of water to see if air entered the body by any opal per o 
ings around the head. Air bubbles left the body anj or ro! 
in ten minutes the grasshopper was limp and ape jin tee 
parently lifeless. some 
CONCLUSIONS date. 
These experiments would seem to prove that no Spe. A 
cial spiracles are used for inhaling and others yim fossil 
for exhaling, but rather that all are alike in jij Brya 
respect, as the abdomen expands air is taken in qj 
as the body contracts the gases are exhaled. BU 
The same thing is probably true of all insects, ' 
D. A. MacKay 
OTTAWA COLLEGIATE INSTITUTE, 
OTTawa, CANADA 
FOSSIL REMAINS IN THE LOESS OF East. a 
ERN WASHINGTON ad 
In Science, page 477, November 12, 1926, aM ing 
nouncement is made by O. W. Freeman of discovery state 
of fossil bones of a mammoth (Elephas primigenius) by s 
in loessial deposits in the vicinity of Cheney, Wasb- befo 
ington. This 
This is of interest in connection with the study of eren 
the origin, distribution and age of the loessial sol: his | 
forming materials of eastern Washington, a subje that 
which has been touched upon at intervals in the won 
pages of this publication. It is particularly sugge- this 
tive as indicating the age of accumulation of thes in a 


great deposits from which the loessial soils of this It 
region are derived, though widespread redistribution celv 


and modification of the soil materials have since taken is a 
and are still taking place. thar 

The purpose of this comment is, however, to cal thir 
attention to the fact that while reported fossils are In 
rare, the writer, with Messrs. A. T. Strahorn ani defi 
E. J. Carpenter, of the Bureau of Soils, found some lati 
large fossil bones embedded in loessial deposits es the 
posed by a fresh highway cut in September, 1923. tua 
The remains were found about thirty miles north- wit 
east of Pasco on the Pasco-Kahlotus highway. They fur 


were partially removed during the following ay ? 


under direction of Dr. Kirk Bryan, of the U. S. fro 
Geological Survey, and identified as a fossil elephar', wh 
Ril 


and inelude thigh and pelvic bones, a number of ribs, 
vertebrae and the lower jaw. These fossil remails of 
are now in the U. S. National Museum at Washins- 
ton. The upper jaw and skull, however, which n0W Pr 
appear essential to complete identification and restor# Bo 
tion, were not recovered. 








May 6, 1927 } 


The bones were found on a hill slope bordering a 
snall stream valley. They were embedded in fine- 
textured, uniform, very fine sandy and silty material 
of light brown color, without stratification, and en- 
tirely free from gravel or coarse gritty materials. 

Accompanying the larger fossil bones were a num- 


nY Opell per of jaws, skulls and small bones of small rodent 
Ody anil or rodent-like animals, and there was some evidence 
and apm in teeth marks on some of the rib bones that at least 
some of these smaller animals were of contemporary 
date. 
NO spe A more accurate and exhaustive account of the 
TS used fossil remains has recently been published by Dr. 
in this Bryan." 
in anj Macy H. LapHam 
BuREAU OF SOILS, 
ots, BERKELEY, CALIFORNIA 
Kay 
DEFEAT OF ANTI-EVOLUTION IN 
MINNESOTA 
EAST. Suvce Minneapolis, Minnesota, is the home of the 
Reverend W. B. Riley, a leader in anti-evolution agi- 
tation and in attempts at legislation against the teach- 
6, a ing of evolution in tax-supported schools in many 
Covery states, a little more than ordinary interest may be felt 
ens) by scientific men in the failure of the “Riley bill” 
Wash before the Minnesota legislature that is now in session. 
This may be especially so because a letter by the Rev- 
dy of erend Riley in a leading newspaper here now admits 
L soil. his defeat, but with so much apparent cheerfulness 
ubject that a person who knows him well may be inclined to 
n the wonder as to just what he expected to accomplish by 
Ig Bes: this bill and whether after all his defeat is not more 
these in appearance than in reality. 
t this It may be well for the evolutionists not to be de- 
ution ceived. The bill as it was presented to the legislature 
taken is any way more of a gesture or oratorical skirmish 
than an effectual attack on evolution teaching. Some- 
) eall thing more serious for Minnesota may lie behind it. 
; are In Minnesota, where the function of the university is 
and defined in the constitution of the state, a mere legis- 
some lative enactment very probably could in no way bind 
; eX the university as to its educational policy. It is vir- 
923. tually a fourth department of the state and coordinate 
yrth- with the executive, the legislative and the judicial 
hey functions. 
day The State University has little if anything to fear 
8. from direct legislation against teaching any subject 
ani, whatever in Minnesota. Again it is notable that the 
ibs, Riley bill does not aim broadly to forbid the teaching 
uins of evolution, but is specifically directed against the 
- 1U. S. Geol. Survey, Bull. 790-B, The ‘‘Palouse Soil’? 


Problem with an account of Elephant Remains in Wind- 
sal Borne Soil on the Columbia Plateau of Washington. 
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doctrine of the descent of man from animals, as if a 
particular department of the university is criticised. 
Against this bill, however, other universities of this 
state join with the State University in common. Both 
sides of the controversy thus make a great showing of 
political strength before the legislature. 

Arguments used by either side are not such as are 
used pro and con in a scientific debate on the validity 
of natural science theories of evolution. No scientist 
as such appears against the bill nor for it. The battle 
is political when not theologic. Dogmatic assumption 
and deduction and even gross bigotry are met in kind 
largely. As a geologist, I could view the whole matter 
as in the clouds above me. I am spectator only. 

Very obviously the Reverend Riley’s opponents who 
do not know him intimately are deceived in him. From 
occasional contact with him for thirty years, it is not 
consistent for me to say that there is anything shallow 
about him. He doubtless has a very deep and serious 
purpose from which he may not be easily diverted. It 
may be a very pertinent matter to pause to consider 
just now as to whether any advantages are losing to 
the Riley attack. 

To the best of my knowledge, the legislature and the 
governor do not commit themselves in the essential 
matter in laying aside this bill. Nothing is built up 
that hinders further agitation. The most sanguine of 
my friends predict only a lull of a year or two or even 
four, in Minnesota, whereas a few years ago any such 
attack at all would have been taken as highly im- 
probable. Anti-evolution may be gaining in publie 
respectability. 

As a scientist, I am aware that something new is 
happening in this controversy about the teaching of 
evolution in Minnesota’s schools. Attack by anti- 
evolutionists is not new here, however. Attack from 
the pulpit and otherwise by the Reverend Riley as 
against individual teachers of sciences began some 20 
years ago. An effective method then is to back him 
off the board in defense of natural science theories of 
evolution by a plain show of visible evidence in their 
support. My personal experience is then that he can 
be a very reasonable and gentlemanly antagonist when 
faced in that way. 

The new thing in the present instance, however, is 
not only his open attack on whole universities here, 
but further that the old effective method of meeting 
him can not be used by anybody. The controversy is 
gone beyond the field of the natural sciences, dog- 
matically into theology and politics on both sides. In 
all this controversy in Minnesota now the science pro- 
fessor is only an innocent bystander, in a sort of a 
no-man’s-land. And, the end is not yet! 

FREDERICK W. SARDESON 

MINNEAPOLIS, MINN. 
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MORE HUMAN TAILS 

A FEw days ago I received a letter from Dr. E. G. 
Hastings, of the Department of Agricultural Bacter- 
iology of the University of Wisconsin, in which he 
called my attention to a paper in the collected works 
of Robert Koch, the second volume, second part, page 
822. 

On consulting this paper (a most unexpected place 
for such a revelation), I found two photographs of 
human beings with well-developed tails about as long 
as a kuman foot, which had been photographed by 
Koch in India in 1871. One was a lad seventeen 
years old, and the other a child. 

I thought that your readers might be interested in 
these photographs, as Dr. Hastings referred to my 
note on this subject, which was published in ScrENCE 
in the issue of June 11, 1926. 

W. W. KEEN 





SCIENTIFIC BOOKS 


The Differential Calorimeter, with Special Reference 
to the Determination of the Human Basal Metabo- 
lism. By A. K. Noyons. Louvain, 1927. 189 pp., 
34 illustrations. 


Dv Bots’s splendid book on basal metabolism,* 
backed by his unique experimental experience, has 
brought metabolism and, specifically, clinical calorim- 
etry to the attention of physicists and physiologists, 
as well as medical men. From Louvain, Belgium, 
there has just appeared a book which not only sup- 
plements the technical portion of Du Bois’s book but 
is all the more remarkable when one thinks of its 
birthplace, and how under most harassing economical 
conditions the human calorimeter has been developed 
to a point heretofore never attained. Recognizing 
that with man all measurements of the heat produc- 
tion, including the heat of vaporization of water, are 
best made by the differential principle, Professor A. 
K. Noyons, of the department of physiology of the 
University of Louvain, has printed in readable En- 
glish the first description of an extremely clever device 
which physiologists have long known was being’ de- 
veloped at Louvain. This differential calorimeter is 
unique in that the author, at once a physician, physi- 
ologist and physicist, has combined in it the most 
scientific and accurate methods applicable to the 
measurement of the heat given off by a human. The 
compensation chamber furnishes, for the first time, 
an exact duplicate of the heat of vaporization of 
water in that precisely the same amount of water 
vaporized from the skin and lungs of the human sub- 
ject is there vaporized, and an electrical current, 
passed through a suitable resistance, generates pre- 


iDu Bois, E. F. ‘‘Basal Métabolism in Health and 
Disease.’’ Philadelphia, 2d ed., 1927. 
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cisely that amount of heat given off by radiatio; 
convection and conduction from the subject. 

Without governmental or, indeed, institutional gy}, 
vention these calorimeters have been privately cop. 
structed and tested, and already one is being prepared 
for introduction into a large clinic. The technica! 
details may not be discussed here. Noyons ha 
seemingly forestalled every criticism so far ag the 
physics of heat measurement on a human being js 
concerned—save for the perplexing question as to 
the changes in the average body temperature. The 
complete isolation of the patient in a rather somber 
chamber may be impracticable for temperaments] 
eases. One can but wish that, in addition to the 
many text references, the extensive literature survey 
(which is international to a refreshing degree) neces. 
sarily made by the author could have been recordej 
as a list of titles on direct and indirect calorimetry. 

The use of English was, we believe, wise. When 
one knows, as does the reviewer, that the book was 
thought out in Dutch, written in French, and then 
translated into English, one is surprised that so few 
distinctly foreign (though rarely, if ever, obscure) 
phrases occur. 

As a promise of what this new metabolism center 
is to give us in the future, the book is most stimula- 
ting to all who have anything to do with heat pro- 
duction and basal metabolism, and with the present 
wave of interest in this subject, in perhaps less than 
a decade we shall all have basal metabolism measure- 
ments included as a part of our annual assessment 
of physical fitness. 

Francis G. BENEDICT 

NUTRITION LABORATORY OF THE 

CARNEGIE INSTITUTION OF WASHINGTON, 
BosToN, MASSACHUSETTS 





SPECIAL ARTICLES 


PRESSURE PHENOMENA OF THE ELECTRIC 
WIND? 


1. Apparatus. The spectacular group of experi 
ments which we used to perform once a year seem 
but rarely to have come to any useful maturity. | 
can recall only the electronic measurements of Pro- 
fessor Chattock. Having appropriate apparatus at 
hand, it seemed promising to look at them in detail 
and in the attached figures I will summarize the mail 
results. 

The simple apparatus as originally used (Fig. 4, 
insert) consisted of the two brass posts P, P’, usually 
8 em apart and fixed in the hard (or soft) rubber 
base B. TJ supported by P is a small thimble of brass 
perforated by the slender tube U, which leads to the 


1 Advance note from a Report to the Carnegie Insti- 
tution, of Washington, D. C. 
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interferometer U-gauge. The post P’ carries the 


“darning needle n coaxially with U, and both nm and U 


fit snugly, so that they may be slid to different dis- 
tances « apart. P and P’ are in contact with the 
poles of a small Wimshurst machine, capable of de- 
livering inch sparks. The latter was usually turned 
by hand near a clock beating quarter seconds, and 
the speed of rotation of six turns (sometimes three 
turns) per second for each plate was easily main- 
tained. 

2. Needle electrode. The group of curves 1 refers 
to a hard rubber base with posts P, P’, 8 em apart. 
Irregularities are referable to freakish action of the 
machine quite apart from rotation; but it is notice- 
able that the pressures (s, approximately in 10-° 
atmosphere) are (here) roughly double for 6 rot./see. 
as compared with 3 rot./sec. I was disappointed at 
the relatively low mean pressures in evidence and 
therefore scraped and boiled the hard rubber base in 
dilute acid, for greater insulation. The resulting 
graph actually shows reduced sensitivity and now 
suggests a maximum. In curve 2 a soft rubber base 
was tested. The graph is smoother with a very defi- 
nite crest, but no better ins. Finally the graph 3 on 
a cylindrical hard rubber base is no advance on the 
others. 

Improved conditions appear with graph 4, refer- 
ring to posts P P’ but 4.5 em apart. Whether one 
or three sharp needles are used is relatively unim- 
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portant; but this graph is rapidly accelerated upward 
as the needle point approaches the post P’. Close 
inspection of the data convinced me that the graph 
essentially consists of two constituents, one of which 
tends to a low erest as heretofore, while the other 
begins at the maximum and runs with great rapidity 
to high s, while the projecting needle end is short- 
ened from a few millimeters beyond the post P’ to 
zero. When the needle point retreats just within the 
post, the curve drops instantly to zero. 

To accentuate this result the thimble was cut down 
(the form is practically immaterial), admitting of 
larger « between the same posts. The graphs, of 
which Fig. 5 gives an example, fully bear out the 
surmise, and the cusp has risen to nearly four times 
the height of the crests in figs. 1, 2, 3. What the 
larger x insures is probably greater axial momen- 
tum of the ionized wind, and a point immediately. in 
front of a surface of high potential gives the latter 
a longer range of action. Eventually the life of the 
ions is in question. Again the forms of the curves 
must depend essentially on the position of charged 
bodies, like the poles of the electric machine, near the 
field, as these deflect the air current. No pressures 
are observed until the charge of the machine exceeds 
a certain specific ionizing potential, after which the 
appropriate pressure (s) appears at once. In the 


reversed case pressure vanishes before the machine is 
discharged. My greatest difficulties thus far have 
| 
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been the fluctuating potentials of the machine, due, 
so far as I can see, to the casual partial self-discharge 
within. Sputtering is fatal. 

3. Mucronate electrode. Borrowing a term from 
the botanists, what is needed therefore is a slightly 
convex electrode E’ with a sharp fixed needle point 
projecting less than a millimeter from its center (see 
insert Fig. 6) and facing (convexities toward each 
other) a similar but unarmed electrode E. P. P’ are 
as before, 4.5 em apart. 

The results obtained with this mucronate electrode 
(Fig. 6) are astonishing; for the curve sweeps aloft 
in some cases to over five times the heights of the 
original erests. Thus far these graphs have not 
started until x=.5 em is passed. They are peaked 
at the upper end, and drop from the sharp crest. 
They imply a degree of sensitivity that makes inter- 
ferometer observation difficult, every little irregular- 
ity of the Wimshurst being magnified. 

By placing the posts P P’ 10 em apart with a clear 
field between, the crest has been increased to s = 250. 
A good example of these results is given in a reduced 
seale in Fig. 7, which consists of two approximately 
linear branches on each side of the crest. 

Micrometer results on the pressures s as related to 
the inverse saliency of the needle point can not be 
given here; but I may mention that for a spark gap 
x = 2 em (30 kv/cm) a needle point projecting .005 
em beyond the effective limit of the electrode, gave a 
pressure s=560, that is, 70 per cent. above the crest 
of Fig. 7, and about fifteen times the original sen- 
sitivity. Finally, it seems clear that the crests in 
Figs. 6 and 7 are to be associated with the limiting 
potentials of the machine, their z position being an 
indication of the maximum field between electrodes. 

Cart Barus 

Brown UNIVERSITY 


SOME PECULIAR AUDITORY OSSICLES 


THREE auditory ossicles are generally said to be 
present in animals which possess these bones. While 
making a study of the ossicles of several generd of 
bats, the author found four present in many instances. 

Doran, in his famous monograph on mammalian 
auditory ossicles, has described and figured the os- 
sicles from several genera of bats. The chief dif- 
ference between the ossicles from the genera used in 
this study and those of Doran’s is in regard to the 
head of the malleus. Each malleus which Doran 
studied possessed a well-developed head. In no case 
did a head exist on a malleus in this study. How- 
ever, a fourth bone was usually found. This was 
located between the malleus and incus. It was en- 
tirely separated from the malleus, but in some cases 
it was found fused to the incus. This bone has 
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probably become the head of the malleus in thos 
animals which possess only three ossicles. It is desig. 
nated in this study as the accessory bone. The fag 
that four ossicles are present in some bats suggested 
the idea that four ossicles may exist in other animals 
in earlier developmental stages. 

Three ossicles are present in the adult white ra 
(Mus rattus). The malleus has a peculiar shape, 
The ossicles from an animal one day old were ye. 
moved and studied. Four bones were found to be 
present. Two of these represented the malleus of 
the adult animal. The discontinuous lines in the 
figure of the adult malleus show the approximate 
place where the two bones fuse in the adult. Since 
four bones are found to exist in the young of this 
particular species, it is probable that they exist jp 
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earlier developmental stages in other animals. Fur- 


ther study will be made on this point. 
Cuay B. FREUDENBERGER 


CoLORADO COLLEGE 


THE NATIONAL ACADEMY OF 
SCIENCES 


Ar the annual meeting of the National Academy of 
Sciences, held in Washington on April 25, 26 and 27, 
the following papers were presented: 


The nature of the insensible perspiration: FRANCIS G. 
BENEDICT and CORNELIA GoLAy BeENeEDIcT, Nutrition 
Laboratory of the Carnegie Institution of Washington. 
We have made numerous experiments, chiefly with one 
subject, in which the insensible perspiration has been 
analyzed, and the effects of environmental temperature, 
of the removal of clothing, and of a blast of air from an 
electric fan have been readily determined. Thus, a typi- 
cal experiment showed in the preliminary period a total 
insensible loss, both from the lungs and skin, of 21.76 
grams per hour, when the subject was nude in an en- 
vironmental temperature of 25° C. In the next period, 
when the nature of the loss was studied, it was found that 
7.58 grams per hour were lost from the skin, 8.13 grams 
were lost as water from the lungs, 17.08 grams of carbon 
dioxide were eliminated, and 15.36 grams of oxygen were 
absorbed. In another experiment at a room temperature 
of 20° C. the total loss, when the fan was blowing over 
the nude body, was 19.55 grams per hour. In a period 
immediately following, with the fan still going, 8.45 
grams were lost from the skin, 7.29 grams were lost as 
water from the lungs, 22.54 grams of carbon dioxide were 
eliminated, and 19.81 grams of oxygen were absorbed. 
Although the results are in large part for one special sub- 
ject, with whom experiments without clothing could be 
made, at least a dozen other persons have been studied 
with ordinary clothing, and the general deduction can be 
made that the total insensible loss in weight of the aver- 
age woman, resting quietly, will be about 20 or 30 grams 
per hour. That of the average man will be nearer 40 
grams per hour. Of this about 45 per cent. is in water 
from the skin, about 45 per cent. is in water from the 
lungs, and 10 per cent. represents the difference between 
the intake of oxygen and the output of carbon dioxide. 
The effects of the removal of clothing, of wind movement, 
and of temperature below the point when visible perspira- 
tion occurs are astonishingly small, chiefly because the 
skin temperature is profoundly lowered by such measures. 
The total insensible loss is a reliable index of the total 
metabolism and is finding use in modern clinics. 





The embryology of Equisetum debile Roxb.: DoucLas 
HoucHTON CAMPBELL, Stanford University. The genus 
Equisetum includes about 25 species, the sole survivors of 
a very ancient group of plants. A knowledge of the 
embryo is therefore of great importance in determining 
their relationships to the other Pteridophytes. No com- 
prehensive study of the embryo has been made since that 


- of Sadebeck in 1878, although several contributions to the 
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subject have been made since. A large number of gameto- 
phytes of EZ. debile was sent the writer from India. 
These contained great numbers of embryos in all stages 
of development, so that it was possible to secure an almost 
complete series showing the early history of the sporo- 
phyte. EE. debile differs considerably in some of the de- 
tails of the embryo from the species (EZ. arvense, E. pa- 
lustre) studied by Sadebeck, and more nearly approaches 
E. hiemale and E. variegatwm. The most important point 
brought out in these investigations is the origin of the 
buds from which the secondary shoots develop. These 
buds are of endogenous origin, and sometimes, at least, 
arise from the root, thus closely resembling a primitive 
form, Ophioglossum. This fact supports the view 
already expressed by the writer that there is a real, if 
somewhat remote, relationship between the Equisetineae 
and the most primitive ferns. Both from its size, and 
from the many sporophytes produced from it, the gameto- 
phyte of Equisetwm debile is strongly reminiscent of cer- 
tain liverworts, especially Anthoceros. 


Some aspects of protoplasmic surfaces: W. J. V. OSTER- 
HOUT. 


The effect of tubercle bacilli and the chemical fractions 
obtained from analysis on the cells of the connective tis- 
sues in rabbits: FLORENCE R. SABIN and CHARLES A. 
DOAN. 


The effect of small amounts of chemicals im increasing 
the life actwities of plants: F. E. DENNY, Boyce Thomp- 
son Institute. Plants in a dormant or relatively inactive 
period may be stimulated into increased activity by chem- 
ical treatment. Thus, the processes of coloration, which 
take place in lemons and oranges during storage after 
removal from the tree, may be hastened by treatment with 
low concentrations of ethylene (C.H,). The time re- 
quired for coloration is reduced to about one fourth the 
normal time by adding to the air surrounding the fruit 
1 part ethylene to 10,000 parts of air. The life activities 
of the fruit as judged by the rate of respiration is 
doubled or even trebled by this treatment. Potato tubers 
when freshly harvested are dormant, and will not sprout 
if planted at once under favorable growing conditions, the 
rest period lasting from 1 to 4 months in different varie- 
ties of potatoes. This period of inactivity may be short- 
ened by treating the tubers with various chemicals such 
as thiocyanates (SCN), thiourea (N.H,CS), and ethylene 
chlorhydrin (C,H,CIOH). The gain in time of sprouting 
is about 2 to 6 weeks, depending on the variety of potato 
and the stage of dormancy at the time the treatment is 
applied. Twigs of apple, grapes, lilac, etce., also have 
this dormant period in autumn, and the buds of these spe- 
cies can be forced into early growth by treatment with 
certain of these chemicals, the gain in time of budding 
or blooming ranging from 1 to 9 weeks. It is shown 
that these facts are related to the general problem of 
growth in plants, and in particular to the theory of the 
mechanism of growth control, and to the causes of cor- 
relations in the growth of plant buds. These results have 
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found application in practical agriculture in the case of 


certain plants, and the possibility of extending them to 
include other plants is discussed. 


The measurement of the heat production of nerve: A. 
V. HILL, University of London. The nature of the im- 
pulse transmitted by nerve has been a subject of continual 
discussion and investigation by physiologists. The most 
obvious hypothesis that the wave transmitted by nerve is 
of a physical character, analogous to that of other phys- 
ical waves, was supported by the fact that it had always 
been found impossible, even with the most refined meth- 
ods, to detect any heat liberation in a nerve as the result 
of stimulation. Against this view, however, were other 
well-established experimental facts, particularly: (1) that 
without oxygen the nerve gradually loses its power of con- 
ducting; (2) that after the strength of an impulse has 
been reduced by passing through a narcotized region it 
rises again to its full value in a region of normal nerve 
beyond, and (3) that the velocity of transmission of the 
wave is largely affected by a change in temperature. Re- 
cent improvements in experimental methods have made it 
possible at last to measure the heat produced by nerve 
during stimulation, thus disposing finally of the purely 
physical hypothesis of the nervous impulse, especially 
since it has been found that, as in muscle, the heat can 
be divided up into several phases of which the most im- 
portant is that of ‘‘recovery’’ following activity. The 
observations on the héat are in agreement with those of 
other observers (T. Lunberg, Parker, Fenn) who have re- 
ported an increase in the oxygen-consumption, or the CO.- 
output of nerve, following stimulation. The chief instru- 
ments adopted were: (1) a thermopile containing three 
hundred constantan-silver couples in a space of 1.5 centi- 
meters, with various devices to shield it from disturbances 
and errors, and holding about six nerves of small English 
_or Dutch frogs, and (2) a pair of moving coil galvanom- 
eters, coupled by a thermal-relay, allowing readings to 
about 2 x 10-12 amp., with a deflection time of about four 
seconds. With these it was found (employing 10 seconds 
of stimulation) that a single nerve impulse causes an 
initial rise of temperature of about 10-7° C., which is fol- 
lowed by a prolonged recovery phase in which about nine 
times as much heat is given out as in the initial phase. 
The heat per impulse is not constant but diminishes con- 
siderably as the frequency of stimulation is increased. 
This shows that after a wave of activity has passed along, 
the energy available for immediate use in a subsequent 
impulse has to be restored, and confirms the idea, based 
on other work, that a wave travelling in the immediate 
‘‘wake’’ of another is of a diminished intensity. 


Physical, chemical and biological effects of high fre- 
quency sound-waves: R. W. Woop. 


Additional evidence as to the intercellular formation of 
connectwe tissue: GEorGE A. BAITSELL (introduced by 
Ross G. Harrison). 


Generalizations of Waring’s problem on powers: L. E. 
DICKSON. 
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Relationships in the spectra of the elements of the first 
row of the periodic table: R. A. MIULLIKAN and I. g 
BowEN, California Institute of Technology. Practically 
all of the strong ultraviolet lines that can be emitteq by 
the atoms of the first row of the periodic table in g} 
stages of ionization of the valence electrons have now 
been obtained and a general statement of the relatiop. 
ships between the frequencies of these lines has been fo). 
mulated. These relationships are presented most simply 
and compactly in a new graph which depicts the gen- 
eralized form of the Moseley law in the field of optics, 
Similarly, a table of the ionization potentials of the atoms 
of the first row in all stages of ionization. Furthermore, 
the predictions of the Russell-Heisenberg-Pauli-Hunj 
theory as to the structure of spectra in general have heen 
completely verified in the case of these light elements, 


Polarization of light by reflection from rough rock sur. 
faces, with special reference to the materials exposed at 
the moon’s surface: F. E. WricHt, Geophysical Labora. 
tory of the Carnegie Institution of Washington. In the 
study of the surface features of the moon it is desirable 
to ascertain, if possible, what kinds of materials are ex. 
posed there. Our best approach to this problem is through 
the aid of the sun’s rays that serve as messengers from 
the moon to us. We view the moon by reflected sunlight 
and we know from measurements that the reflected sun’s 
rays differ slightly from the direct sun’s rays. These 
differences are produced on reflection at the moon’s sur- 
face; from these effects, in turn, we can draw certain 
conclusions regarding the reflecting substances themselves. 
For this purpose we measure the amount of polarization 
in the light reflected by the moon at its different phases, 
and also ascertain to what extent rough surfaces of rocks 
and other materials polarize light on reflection. An ex- 
tended series of measurements on different kinds of rocks, 
such as basalt, diabase, gabbro, dunite, serpentine, diorite, 
granite, obsidian, pumice, quartzite, shale, sandstone, lime- 
stone, marble, etc., has been made. The results show that 
only highly siliceous rocks, such as pumice, siliceous 
sinter, granite, quartzporphyry, also sulfur, and powders 
of transparent substances, but not basalts and other basic 
rocks low in silica, produce polarization effects similar to 
those observed in the rays reflected by the moon. The 
amount of polarized light in the rays reflected by the 
moon is slight at all angles of incidence and is practically 
nil at new and at full moon. 


High dispersion stellar spectra and some results of 4 
study of Cygni: Water 8. ADAMS and ALFRED H. Joy, 
Mount Wilson Observatory. The use of the 100-inch tele- 
scope at Mount Wilson and a large stationary spectro- 
graph has made it possible to photograph the spectra of 
stars on a scale larger than any employed regularly 
hitherto. These spectra are especially well adapted for 
the study of the identification and behavior of different 
classes of lines, accurate determinations of radial velocity 
and the displacements of lines of different elements. A 
special study of the spectrum of Cygni, a star of spectral 
type very similar to that of the important Cepheid 
variables, has resulted in the identification of many lines 
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reviously unknown. Most of these belong to the spec- 
trum of the ionized elements. The spectra of the rare 
earths, especially cerium, neodymium and samarium, are 
prominent and the entire spectrum is very similar to a 
reversed solar flash spectrum as seen at a total eclipse. 
Measurements of the ionized cerium lines indicate that the 
low-level gases of this element of high atomic weight are 
rising in the stellar atmosphere at a velocity of about 
1.4 km./see. as referred to the normal iron vapor. The 
presence of convection currents in the atmosphere of the 
star is also confirmed by the displacements toward longer 
wavelengths of the lines due to ionized elements with 
reference to the lines of the normal atom. 


The relationship of spectral type to period among 
variable stars: WALTER A. ADAMS and ALFRED H. Joy, 
Mount Wilson Observatory. A knowledge of the relation- 
ship between length of period and spectral type among 
yariable stars, especially those of the Cepheid type, is 
most desirable in view of their importance in the study 
of stellar distances. While it has been known in a general 
way that the spectral type is more advanced the longer 
the period, no accurate correlation has been established 
because of the difficulty of the accurate spectral classifi- 
cation of these faint stars. A study of over 60 of these 
variables with the 100-inch telescope at Mount Wilson 
provides the material for such an investigation. It is 
found that a large majority of the Cepheids, including 
all of the brightest and best known stars, show very 
nearly a linear relationship between spectral type and 
the logarithm of the period. The few exceptions all have 
spectral types which are less advanced than would be ex- 
pected from their periods, and may perhaps form a sepa- 
rate group allied to the irregular variables. The com- 
parison of the results for the Cepheids with those for the 
short-period cluster-type stars and the long-period red 
variables gives the rather surprising results that these 
two classes fall on the average close to the curve derived 
from the Cepheids. The cluster-type variables, however, 
show considerable range in spectral type with but little 
range in period, although their mean values are in good 
agreement with those of the Cepheids. The conclusion 
seems to be justified that the physical cause of the varia- 
tion in light of these different classes of variable stars is 
similar and probably is to be ascribed to a periodic varia- 
tion in size. 


The variation of the absorption of X-rays with wave- 
length: F, K. Ricutmyer, Cornell University. The sys- 
tematic way in which the absorption of X-rays by various 
media varies with the wave-length of the rays and with 
the atomic number of the absorber has stimulated at- 
tempts, both theoretical and experimental, to determine 
the exact law involved. Several formulae have been pro- 
posed on theoretical grounds, which predict that, after 
eliminating seattering, the absorption varies as the cube 
of the wave-length (1). This proposed law is approxi- 
mately verified experimentally. But, as pointed out by 
the author (Phys. Rev., July, 1921), and as has been 
found by other investigators, there are slight deviations 
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from the cubelaw over wide spectral ranges. Recently 
Oppenheimer (Zeit. fiir Physik., Feb. 14, 1927), on the 
basis of the new Schrodinger theory, deduces that the ex- 
ponent of A should be 3+ 6, where f is a small fraction 
which varies from +0.3 to —0.3. It seemed desirable to 
obtain data, as precise as might be possible, to check Op- 
penheimer’s conclusions. By methods previously de- 
scribed, and by use of a high-power water-cooled X-ray 
tube, the author has investigated the absorption coefficient 
of Sn, on the short wave-length side of the K absorption 
limit, using a spectrometer with very narrow slits. Within 
the limits of experimental error (not greater than 0.2 per 
cent.) a curve plotted between the absorption coefficient 
and the cube of the wave-length is rigorously a straight 
line from the absorption limit (A=0.42A) down to about 
0.27A: 4.¢., in this range § is zero. Below this wave- 
length observed values of the absorption coefficient are 
consistently lower than would be predicted by the straight 
line: 4.e., 8 may have a small positive value in this region. 
The exact determination of 6 presents serious experi- 
mental difficulties, partly because of the unknown correc- 
tion for scattering, partly because of the limitations of 
precision inherent in measurements of this kind. The 
author takes pleasure in acknowledging assistance from 
Mr. L. S. Taylor in making the observations. The in- 
vestigation was supported in part by a grant from the 
Heckscher Research Council of Cornell University. 


Theory of normal cathode fall: K. T. COMPTON and P. 
M. Morse, Princeton University. The problem has been 
attacked from the standpoint that the field in the cathode 
fall space is so distributed as to give maximum ioniza- 
tion, subject to the restrictions imposed by Poisson ’s equa- 
tion. This principle, together with the experimental val- 
ues of the cathode fall V, and of the average number of 
ionizing collisions q made by an electron in unit path, 
enables us to calculate the thickness of the cathode dark 
space d, and the current density j, for any gas at any 
pressure and with any cathode material. These calculated 
values are in rather good agreement with experimental 
observations. The factors which determine V, are dis- 
cussed, but independent evidence on this point is not avail- 
able. V, is the least potential drop which (given its most 
favorable distribution) can produce enough ionization to 
insure a continued supply of electrons from the cathode 
under positive ion. bombardment. The number of posi- 
tive ions required to liberate one electron under these 
most favorable conditions is found to vary from 21.5 
to 109 for different gases and a Pt cathode. The most 
favorable potential distribution gives results which are 
quite consistent with Poisson’s equation. Provided the 
current j does not exceed A;,, where A is the cathode 
area, it is shown that the cathode drop must remain con- 
stantly V, independent of the current. If j > Aja, how- 
ever, it is shown that the most favorable potential dis- 
tribution is no longer consistent with Poisson’s equation. 
If in this case we take, as the true potential distribution, 
that one which is most favorable subject to the limits 
imposed by Poisson’s equation, we get approximately the 
relations which are known to be true of the abnormal 
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cathode fall. This case has not yet been quantitatively 
worked out, however. In general the present theory ap- 
pears to be much more satisfactory than any previous 
theory of the cathode fall as regards the number of phe- 
nomena explained, the quantitative agreement of theory 
with observation, and the general reasonableness of the 
mechanism of the discharge. 


Special distribution of the photo-electrons ejected by 
X-rays: E. C. Watson, California Institute of Technol- 
ogy. The experiments of Wilson, Auger, Bothe, Bubb, 
Loughridge, and Kirchner by the C. T. R. Wilson expan- 
sion chamber method have shown that the most probable 
direction of the photo-electron tracks in a gas traversed 
by X-rays is nearly the direction of the electric vector of 
the incident wave, but with an appreciable forward com- 
‘ ponent. There is, however, a very considerable variation 
in the direction of the tracks. Magnetic spectra of the 
electrons ejected from very thin metallic films at various 
angles show similar effects. Theories making use of 
orbital velocities inside the atom to account for this ap- 
parent emission from the atom over a wide range of 
angles instead of in one definite direction have been pro- 
posed by Bothe, Bubb and Auger and Perrin. It can be 
shown, however, that simple nuclear scattering must be 
present in all the experiments in sufficient amount to ac- 
count for the distribution in direction, and the Rutherford 
theory of nuclear scattering leads to a distribution func- 
tion which fits the facts much better than any of the 
more elaborate theories. The simplest conclusion then is 
that all the electrons ejected from an atom by X-rays 
start out in the same direction. This leads to a great 
simplification in our conception of the nature of the force 
exerted on an electron by a field of radiation. 


Preliminary revision of Rowland’s tables of solar spec- 
trum wave lengths: CHARLES E. St. JOHN. 


Application of the law of similitude to hydraulic lab- 
oratory research: GEORGE DETHIERRY, Technische Hoch- 
schule, Berlin-Charlottenburg, Germany. Application to 
hydraulic laboratories is based on Newton’s theorem 26, 
Secticn 7, like bodies in like situations are considered to 
be moved among themselves with like motions and in pro- 
portional times. Relations resulting from geometrical 
analogy are given for linear superficials, volumes, veloci- 
ties, time intervals, water discharge, forces, energy, mo- 
mentums, friction head. Difficulties in application of 
laboratory investigation to river problems. Dr. Krey’s 
formula for evaluating quantity of débris. 


Report on the ether-drift experiments at Cleveland in 
1927 : DAYTON C. MiuuErR, Case School of Applied Science. 
The ether-drift interferometer which was used at Mount 
Wilson in California in the experiments of 1921-1926 has 
been mounted on the campus at Case School of Applied 
Science in Cleveland. Only minor changes, suggested by 
experience, have been’ made in the apparatus. Special 
precautions have been taken to obviate troubles caused by 
vibration from city traffic. A series of observations 
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which will extend throughout the year, comparable With 
those made at Mount Wilson, is now in progress. Ty, 
results for the first epoch of the series indicates an effect 
of the same order of magnitude as was obtained at Mom, 
Wilson and consistent with the conclusions previoyg, 
announced. 


Periodicity im solar radiation: C. G. ABBOT, Smith. 
sonian Institution. The author submitted monthly meg, 
values of the solar constant of radiation for the years 
1918 to 1926, in which certain systematic errors discoy. 
ered by statistical methods have been eliminated, |, 
these values a variation associated with the sun-spot cycle 
of 11 years is plainly visible. Higher solar radiation 
values attend increased sun-spot activity. A periodicity P 
of 25 2/3 months having been noted, the values for 7 
consecutive months, ending October, 1926, were submitted 
to Professor Dayton C. Miller for treatment by means 0 
his harmonic analyzing machine. The result was ex. 
hibited graphically. The sun-spot period of 11 years 
could not be clearly shown by the machine (because jt 
was operating on only 61% years) and was represented im. Q 
perfectly by the first and second components. The third ] 
component, 77/3 months, was very strong, and the fifth, 

77/5 months, and seventh, 77/7 months, fairly strong, 
Also the overtones 77/6, 77/9, 77/12, 77/10, 77/14, were 
moderately conspicuous. These periodicities substantially He A 
make up the whole solar variation shown in the monthly 
mean values since May, 1920, except that due to the sun- 
spot cycle. It will be noted that the period 77/5 is sub: 
stantially that found in world-precipitation by Professor 
Dinsmore Alter, and that the period 77/7 is that found by G 
Clayton and Abbot several years ago. The resolution of 
hitherto apparently irregular solar variation into regular 
periodicities is interesting, and if confirmed by future ob- 
servations may lead to forecasting methods of value. E 





oy. LX 








A redetermination of the Newtonian constant of gravi- 
tation: PAuL R. HEyL, United States Bureau of Stand: 
ards. The present accepted value of the Newtonian con: 
stant of gravitation rests upon the independent work of 
Boys and Braun thirty years ago. As discussed by Poyn- } 
ting (Article ‘‘Gravitation,’’ Encyclopedia Britannica) 
the accepted value of this constant has been taken as 
6.66 x 10-8, with an uncertainty of one unit in the third 
significant figure. About three years ago the Bureau of 
Standards undertook a redetermination of this constant I 
with the object of gbtaining another decimal place. Thi 
method was that of a torsion pendulum in a vacuum 25 
used by Braun, observing the difference in the time 0? 
swing of the pendulum with the large attracting masses 
in the near and in the far positions. The two times of I 
swing differed by five and one half minutes, the corre: 
sponding difference obtained by Braun being about forty: 
six seconds. The results so far obtained confirm the 
present accepted value and add the desired figure. 


Differential invariants of. irregular elements: EDWARD 
KASNER. 
(To be continued) 








